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Preface 


THE  Building  Industry,  in  its  various  branches,  is  more 
closely  identified  than  any  other  with  the  marvelous 
engineering  progress  of  the  present  day  and  the  untold 
possibilities  of  the  future.  To  put  all  classes  of  workers  in 
familiar  touch  with  modern  methods  of  construction  and  the 
latest  advances  in  this  great  field,  and  to  bring  to  them  in  a 
form  easily  available  for  practical  use  the  best  fruits  of  the 
highest  technical  training  and  achievement,  is  the  service 
which  the  Cyclopedia  of  Construction  aims  to  render. 

The  work  is  pre-eminently  a  product  of  practical  experi- 
ence, designed  for  practical  workers.  It  is  based  on  the  idea 
that  even  in  the  larger  problems  of  engineering  construction, 
it  is  not  now  necessary  for  the  ordinary  worker  in  concrete, 
or  steel,  or  any  other  form  of  material,  to  attempt  the 
impracticable  task  of  exploring  all  the  highways  and  byways 
where  the  trained  engineer  or  technical  expert  finds  himself 
at  home.  The  theories  have  been  worked  out;  the  tests  and 
calculations  have  been  made ;  observations  have  been  recorded 
in  thousands  of  instances  of  actual  construction;  and  the 
results  thus  accumulated  form  a  vast  treasure  of  labor-saving 
information  which  is  now  available  in^the  shape  of  practical 
working  rules,  tables,  instructions,  etc.,  covering  every  phase 
of  every  construction  problem  likely  to  be  met  with  in 
ordinary  experience.  This  is  perhaps  most  apparent  in  the 
sections  on  Cement  and  Concrete  Construction,  Plain  and 
Reinforced.  To  this  subject,  on  account  of  its  supreme  impor- 
tance as  a  structural  factor  of  the  present  day,  three  entire 
volumes  are  devoted,  embodying  the  cream  of  all  the  valuable 
information  which  engineers  have  gathered  up  to  date.  Much 
of  this  practical  information  now  presented  in  this  Cyclopedia, 
has  never  before  been  published  in  any  form.     By  its  use. 
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anyone  is  enabled  to  take  advantage  of  the  vast  labors  of 
others,  and  to  bring  to  bear  on  any  problem  confronting  him 
the  results  of  the  widest  experience  and  the  highest  skill. 

The  keynote  of  the  Cyclopedia  is  found  in  the  emphasis 
constantly  laid  on  the  practical  as  distinguished  from  the 
theoretical  form  of  treatment,  in  its  total  avoidance  of  the 
complicated  formulas  of  higher  mathematics,  and  in  its  reduc- 
tion of  all  technical  subjects  to  terms  of  the  simplest  and 
clearest  English.  Throughout  the  pages  devoted  to  Steel 
Construction,  for  example,  the  mathematics  of  the  subject 
have  been  eliminated  to  such  an  extent  that  the  reader  will 
not  find  a  single  instance  where  even  a  square  root  sign  has 
been  used. 

In  addition  to  the  larger  problems  of  engineering  and 
building  construction,  one  entire  volume,  as  vi^ell  as  many 
chapters  scattered  through  the  work,  is  devoted  to  those 
smaller  constructions  that  are  of  special  interest  to  the 
teacher  or  student  of  manual  training  or  the  home  shop 
worker  of  a  mechanical  turn  of  mind. 

Inasmuch  as  a  wider  knowledge  and  a  more  intelligent 
grasp  of  the  fundamental  principles  of  construction  and 
design  will  tend  to  greater  efficiency  on  the  part  of  working- 
men,  and  to  greater  economy  in  production,  the  purpose  of 
the  Cyclopedia  of  Construction  is  one  which  will  appeal 
strongly,  not  only  to  the  men  themselves,  but  also  to  the 
architectural  and  engineering  fraternity  as  a  whole. 

The  authors  of  the  various  sections  are  all  men  of  wide 
sxperience  whose  recognized  standing  is  a  guarantee  of 
reliability  and  practical  thoroughness. 
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Cement  Construction 


THE  DAWNING  AGE  OF  CEMENT 

Concrete  has  come  to  be  a  dominating  factor 
in  the  building  world.  Its  invasion  of  the  mod- 
ern structural  field,  and  triumphal  progress 
therein,  have  already  wrought  a  revolution;  and 
its  present  widespread  and  rapidly  increasing 
application  to  construction  work  of  all  kinds  is 
the  marvel  even  of  this  age  of  wonderful  en- 
gineering achievement. 

When,  not  many  years  ago,  the  steel-frame 
structure  supplanted  the  historic  masonry  and 
timber,  it  worked  a  far-reaching  transformation 
in  building  methods  and  materials,  which  was 
soon  reflected  in  the  external  appearance  as 
well  as  internal  arrangement  and  details  of  new 
structures  of  almost  every  class.  The  sky-lines 
of  cities  and  towns  assumed  new  forms;  and 
especially  in  the  larger  industrial  centers,  the 
very  face  of  things  was  changed. 

With  the  advent  of  a  true  Portland  cement 
concrete — the  handmaid  of  steel — still  another 
and  greater  era  of  structural  and  industrial  evo- 
lution was  ushered  in.  Nothing  in  all  the  won- 
derful annals  of  American  industrial  develop- 
ment has  ever  equaled  the  expansion  that  has 
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characterized  the  Portland  cement  industry 
during  the  period  since  the  year  1898.  There  are 
in  fact  many  who,  in  view  of  the  marvelous 
growth  of  cement  manufacturing  in  America 
during  these  opening  years  of  the  twentieth 
century,  and  the  wonderful  versatility  of  this 
new  structural  agent,  as  shown  by  innumerable 
examples  of  its  application  to  all  kinds  and 
grades  of  construction,  are  already  proclaiming 
that  the  Age  of  Cement  is  upon  us.  Just  as  in 
the  manufacturing  world  the  successive  eras  of 
power  development  can  be  traced  through  the 
stages  of  human  labor,  water  power,  and  steam 
power,  to  the  present  dawning  age  of  electrical 
power,  so,  in  the  building  world — we  are  told — 
the  claims  of  wood  and  stone  and  brick  and  tile 
and  iron  and  steel  have  now  to  adjust  them- 
selves to  the  urgent  demands  for  recognition  of 
concrete  as  a  structural  factor  which  is  not  only 
capable  of  supplementing  them  to  advantage, 
but  in  many  respects  far  surpasses  them  all. 

In  any  country  subject  to  rigorous  climatic 
conditions  such  as  prevail  in  North  America, 
with  its  excessive  changes  of  temperature  and 
humidity,  no  natural  building  material  exposed 
to  the  elements  will  withstand  the  ravages  of 
time.  Wood,  being  organic,  is  peculiarly  re- 
sponsive to  the  disintegrating  activity  of  nat- 
ural agencies,  and,  unless  carefully  protected 
from  exposure  thereto,  is  very  rapid  in  its  de- 
composition. Under  the  atmospheric  influences 
^of  this  climate,  all  grades  of  sandstone  will  in 
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time  crumble  back  to  mother  earth;  marble  is 
still  less  enduring;  and  even  the  so-called  ''ever- 
lasting" granite  is  similarly  limited  in  its  life. 
Steel  is  subject  to  oxidation  or  rust  from  the 
combined  action  of  carbon  dioxide  and  water 
or  the  direct  action  of  atmospheric  oxygen,  and 
to  still  more  rapid  chemical  corrosion  from  the 
action  of  sulphurous  and  other  noxious  acid 
gases  and  liquids;  and  it  must  therefore  be  given 
the  closest  attention  in  the  application  of  pro- 
tective paints  or  other  coverings  to  insure  any 
degree  of  permanence. 

Among  building  materials,  concrete  stands 
out  alone  as  the  one  which  can  truly  be  called 
''permanent,"  and  which  has  at  the  same  time 
the   quality   of  progressive   and   accumulative 
strength.    It  is  this  characteristic  of  accumu- 
lative strength— a  strength  increasing  with  the 
lapse  of  time— which  more  than  anything  else 
gives  concrete  its  advantage  over  other  mate- 
rials in  engineering  and  building  construction. 
Under  conditions  of  exposure  that  in  the  case 
of  other  building  materials  would  accelerate  the 
natural  tendencies  to  decay  and  final  collapse, 
concrete  displays  higher  and  higher  powers  of 
resistance,  the  action  of  the  elements  only  add- 
ing hardness  and  strength  as  time  goes  on. 

In  addition,  however,  to  the  marvelous  dur- 
ability of  concrete  under  trying  conditions— 
which  is,  perhaps,  its  most  striking  feature- 
no  other  material  now  used  in  construction  can 
be  said  to  meet  so  successfully  the  combined 
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requirements  of  versatility  in  useful  application, 
adaptability  to  varying  structui'al  conditions 
and  combinations,  simplicity  combined  with 
dignity  and  stability  of  appearance,  harmonious 
adjustment  to  varying  environment,  cleanliness 
and  hygienic  value,  and — last,  but  not  least — 
economy  of  cost. 

No  progressive  architect,  engineer,  con- 
tractor, or  builder  can  in  these  days  ignore  the 
claims  of  concrete  as  a  factor  of  supreme  im- 
portance to  be  reckoned  with  in  the  general  field 
of  construction.  In  spite  of  early  unfortunate 
experiences  with  natural  cement,  and  more  re- 
cent instances  of  actual  failure — which  have 
been  traceable  in  every  case  to  ignorance  or 
criminal  carelessness — concrete  has  irresistibly 
forged  its  way  to  general  acceptance;  has  tri- 
umphantly risen  above  prejudice  and  doubt; 
and,  by  its  own  intrinsic  merits,  has  finally  won 
for  itself  an  assured  place  as  an  instrumentality 
of  twentieth  century  progress  whose  possibili- 
ties when  realized  may  dwarf  the  dreams  of  the 
wildest  imagination.  Stronger  and  more  dur- 
able than  any  natural  stone,  unaffected  by  fire 
or  moisture,  capable  of  adaptation  to  any  posi- 
tion or  condition,  workable  by  unskilled  labor, 
lending  itself  easily  to  any  form  of  ornamenta- 
tion, vermin-proof,  cleanly,  and  comparatively 
inexpensive,  it  ranks  among  the  foremost  of  the 
valuable  gifts  to  mankind  from  the  treasure- 
house  of  modem  scientific  and  technical  re- 
search. 
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A  widespread  popular  knowledge  of  the  na- 
ture and  possibilities  of  concrete,  the  principles 
of  its  composition,  and  the  rules  of  its  intelligent 
use,  will  react  beneficially  in  a  thousand  ways 
upon  the  life  of  the  community.  It  will  immeas- 
urably increase  the  facilities  of  industry  and 
commerce ;  it  will  minister  to  social  conveniences 
and  the  education  of  public  and  private  taste; 
it  will  make  better  homes,  better  municipalities, 
and  a  more  progressive  citizenship.  That  such 
knowledge  is  absolutely  indispensable  for  the 
efficient  working  equipment  of  the  modem 
builder  goes  without  saying. 

HISTORICAL  SKETCH 

No  one  knows  when,  where,  or  by  whom  con- 
crete was  invented  or  fii'st  employed.  Its  use 
as  a  material  of  construction  dates  back  to  the 
dim  antiquity  of  prehistoric  times,  and  examples 
of  the  ancient  craft  have  come  down  to  us  with 
practically  undiminished  strength  which  have 
withstood  the  bombardment  of  nature's  forces 
through  all  the  centuries.  Orpheus  himself, 
whose  lyric  strains  animated  the  very  stones  of 
which  the  walls  of  Thebes  were  built,  may,  for 
all  we  know,  have  been  merely  a  skilled  worker 
in  concrete.  Certain  it  is,  however,  that  long 
before  the  dawn  of  authentic  history,  at  a  period 
back  beyond  the  prying  curiosity  of  scientific 
research,  and  while  the  earth  was  still  young, 
people  lived  who  knew  a  great  deal  about  ce- 
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ment  and  its  adaptability  to  the  various  needs 
of  construction,  as  well  as  its  wonderful  powers 
of  resistance  to  the  disruptive  action  of  natural 
forces. 

The  ancient  Egyptians  understood  the  use  of 
hydraulic  cement.  It  has  been  proved  that  in 
some  of  the  marvelous  constructions  which  still 
endure  as  monuments  of  their  engineering  skill, 
they  used  a  porous  lava  possessing  hydraulic 
properties  and  containing  the  basic  element 
necessary  to  the  making  of  cement  somewhat 
similar  to  the  Portland  cement  of  the  present 
day.  Many  of  the  sarcophagi  in  which  they 
placed  their  dead  were  made  of  artificial  stone. 
The  majestic  Pyramids  which  for  over  4,000 
years  have  reared  their  stupendous  forms  above 
the  desert,  and  which  still  tranquilly  laugh  de- 
fiance at  the  ravages  of  time,  were  built  in  part 
of  concrete.  It  is  now  generally  conceded  that 
in  the  construction  of  their  upper  tiers,  at  least, 
concrete  was  the  material  employed;  and  the 
massive  blocks  of  stone  that  have  baffled  past 
ages  by  the  mystery  of  their  transportation  to 
such  elevations  were  probably  borne  to  their 
destination  by  the  pailful,  'and  formed  directly 
in  place.  Evidence  that  these  blocks  are  of 
man's  formation  is  found  in  the  fact  that  break- 
ages in  some  of  them  have  revealed  small  pieces 
of  wood  embedded  in  the  mass. 

The  Romans  constructed  many  miles  of  high- 
ways and  walls  and  aqueducts  from  hydraulic 
cements,  which  they  also  used  to  some  extent 
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in  the  building  of  their  residences  and  temples; 
and  many  examples  of  their  work  still  extant 
not  only  bear  witness  to  the  high  standard  of 
civilization  attained  imder  the  ancient  Empire, 
but  also  afford  imquestionable  evidence  of  the 
permanent  character  of  the  material  composing 
them. 

The  word  *' Concrete"  is  itself  of  Latin  or- 
igin, meaning  *' grown  together"  ('*con,"  to- 
gether; and  ''crescere,"  to  grow),  and  implies 
a  body  formed  by  the  coalition  of  separate  par- 
ticles into  a  soUd  mass. 

Roadbeds  of  concrete  resounded  to  the  thun- 
dering tread  of  the  Roman  legions  as  they  went 
out  to  or  returned  from  their  campaigns  of 
world-wide  conquest.  The  famous  Appian  Way, 
over  which  the  Apostle  Paul  entered  Rome,  as 
described  in  the  Book  of  Acts  in  Holy  Writ,  was 
underlaid  with  cement  concrete  and  topped  with 
paving  stones.  The  latter  have  been  worn  away, 
but  the  concrete  is  still  intact,  just  as  when  the 
Romans  laid  it.  This  was  the  oldest  of  the 
Roman  highways,  having  been  started  by  Ap- 
pius  Claudius  Caius  about  the  third  century  be- 
fore the  Christian  era.  It  extended  from  Rome 
to  Capua,  and  later  was  built  to  Tarentum  and 
Brimdisium,  in  far  Southern  Italy.  The  aque- 
ducts which  suppUed  the  imperial  city  with 
water  were  built  without  reinforcement,  and  are 
still  in  almost  perfect  condition.  The  cement 
lining  of  the  Pont  du  Card  at  Nismes,  in  Southern 
France,  a  Roman  aqueduct  built  in  the  first  cen- 
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tury  A.  D.,  is  still  hard  and  smooth  as  when  first 
put  in  place.  The  pools  of  King  Solomon,  nine 
miles  from  Jerusalem,  were  built  wholly  of  con- 
crete, and  still  furnish  water  for  the  city.  Many 
residences  of  the  Roman  nobles  were  con- 
structed of  concrete  unfaced  by  brick  or  stone; 
and  wood  framing  was  used  in  casting  the  walls, 
in  much  the  same  manner  as  wooden  forms  are 
used  in  concreter^construction  to-day.  The  Col- 
osseum was  built  on  piers  and  foundations  of 
concrete;  and  Professor  Middle  ton,  in  his  work 
on  ''Ancient  Rome,"  tells  us  that  the  entire  up- 
per floor  of  the  Antrium  Vesta  was  formed  of 
one  great  slab  of  concrete  fourteen  inches  thick 
and  having  a  span  of  twenty  feet,  supported  on 
edges,  but  having  no  intermediate  supports. 
The  Pantheon  of  Rome,  a  circular  temple  origin- 
ally dedicated  about  the  time  of  Christ,  in  the 
reign  of  Augustus,  has  a  dome  142  feet  in  diam- 
eter, constructed  mainly  of  concrete,  and  still  in 
perfect  condition  after  1900  years  of  service. 
The  Aurelian  wall  about  the  city,  over  ten  miles 
in  length,  still  standing,  was  built  of  the  same 
material.  An  English  writer  has  said:  *'In 
strength  and  durability,  no  masonry,  however 
hard  the  stone  or  large  the  blocks,  could  ever 
equal  these  Roman  walls  of  concrete,  for  each 
wall  wa?  one  perfect  coherent  mass,  and  could 
be  destroyed  only  by  a  laborious  process  like 
that  of  quarrying  hard  stone  from  its  natural 
bed.''  In  the  recent  construction  of  a  tunnel 
imder  part  of  the  old  city  of  London,  England, 
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the  workmen  uncovered  Roman  cement  which 
had  been  placed  over  800  years  before,  so  hard 
that  it  turned  the  edges  of  the  hardest  cold  steel 
chisels. 

Over  other  widely  scattered  portions  of  the 
earth,  similar  evidences  are  found  that  the  early 
races  were  familiar  with  the  constructive  use  of 
cement.  In  Spain  and  other  Old  World  countries 
are  found  abundant  examples  of  the  ancient  use 
of  concrete  in  forms  that  have  survived  the  rav- 
ages of  time  and  the  elements.  The  lookout 
towers  of  Ireland,  supposed  to  have  been  built 
by  the  Druids  more  than  a  thousand  years  ago, 
are  made  of  hydraulic  cement  concrete,  cylindri- 
cal in  form,  about  six  feet  in  diameter,  and  100 
feet  high.  Some  years  ago  one  of  these  towers 
was  undermined  and  overturned.  In  its  fall,  the 
shock  of  the  huge  mass  was  so  great  that  the 
shaft  sank  into  the  ground  to  the  depth  of  one- 
half  its  diameter  for  its  entire  length;  yet  not 
the  slightest  fracture  occurred — a  fact  which 
demonstrates  not  only  the  strength  but  the  elas- 
ticity of  concrete.  Had  the  shaft  been  a  mono- 
lith (that  is,  one  solid  piece)  of  even  the  best 
quality  of  natural  granite,  the  shock  of  such  a 
faU  would  have  reduced  it  to  fragments. 

A  similar  story  as  to  the  early  use  of  concrete 
might  also  be  written  of  the  vanished  races  of 
the  New  World.  The  Peruvian  builders  in  the 
days  of  the  Incas  employed  concrete,  impelled 
probably  by  the  necessity  of  adopting  a  form  of 
construction  that  would  withstand  earthquakes 
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and  volcanic  tremors.  Some  of  their  structures, 
though  built  many  centuries  ago,  have  endured 
to  the  present  time.  And  even  in  our  own  North 
America,  the  use  of  this  most  versatile  of  plastic 
materials  of  construction  antedates  all  historic 
or  prehistoric  records  written  in  less  enduring 
form.  Twenty  miles  northeast  of  the  City  of 
Mexico  are  remaius  of  a  former  but  now  van- 
ished civilization,  in  the  shape  of  pyramids  of 
masonry  that  were  built  partly,  if  not  entirely, 
of  concrete.  And  ethnologists  and  antiquarians 
tell  us  that  as  far  back  as  eleven  thousand  years 
ago,  while  the  slow-workiug  geological  forces 
had  not  yet  moulded  the  face  of  this  continent  to 
its  present  contour,  the  remarkable  race  of  men 
known  as  the  Mound  Builders,  along  what  are 
now  the  edges  of  the  Ohio  valley,  were  accus- 
tomed to  boll  salt  water  in  kettles  of  artificial 
stone.  And  in  the  manufacture  of  their  pottery, 
specimens  of  which  are  the  most  enduring  me- 
mentos of  their  intelligence,  they  used  as  the 
cementing  material  carbonate  of  lime — a  me- 
dium used  for  a  similar  purpose  to  the  present 
day. 

In  one  sense,  therefore,  concrete  can  lay  no 
claim  to  novelty,  being  a  return  to  principles 
once  well  known  if  less  perfectly  understood 
than  now,  but  for  a  long  time  lost  sight  of  or  for- 
gotten. It  is  not  to  be  supposed,  however,  that 
in  quality  of  material  or  in  methods  and  appli- 
ances of  construction  the  early  workers  in  con- 
crete attained  anything  like  the  high  standards 
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of  technical  accuracy  that  characterize  the  man- 
ufacture of  cement  and  its  use  in  the  various 
forms  of  concrete  construction  at  the  present 
day.  The  ancient  skill  which  had  been  devel- 
oped in  the  making  and  working  of  concrete  ap- 
pears for  many  hundreds  of  years  to  have  be- 
come a  ''lost  art."  As  the  empires  gradually 
went  to  pieces  through  internal  decay,  and  the 
world  stumbled  on  toward  that  dark  period  of 
utter  standstill  known  as  the  Middle  Ages,  when 
the  lamp  of  progress  flickered  but  faintly  in  the 
cells  of  monasteries,  we  find  that  even  in  the 
elaborate  cathedrals  erected  during  this  period 
the  use  of  hydraulic  mortars  had  given  way  to 
that  of  fat  lime  and  silt  mortars.  These  ingre- 
dients in  time  became  inert  powders  devoid  of 
strength  and  hardness,  which  necessitated  con- 
stant watchfulness  and  costly  bracing  and  re- 
pairs to  keep  the  structures  erect. 

About  the  beginning  of  the  eighteenth  cen- 
tury, there  came  a  revival  in  the  demand  for 
hydraulic  mortars,  which  was  met  by  supplies 
of  Pozzuolana  from  Italy,  or  of  the  low-grade 
natural  cement  known  as  ''trass,"  from  Ger- 
many. In  the  erection  of  the  Eddystone  Light, 
about  1757,  Smeaton  developed  a  form  of  nat- 
ural hydraulic  cement,  after  experimenting  on 
limestones  containing  different  proportions  of 
clay,  and  demonstrated  the  practical  importance 
of  chemical  analysis  in  cement  making. 

With  the  discovery,  however,  of  true  Port- 
land cement,  the  inauguration  of  accurate  physi- 
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cal  and  chemical  tests,  and,  in  particular,  the 
combination  of  concrete  with  reinforcing  mem- 
bers, and  analysis  of  the  principles  of  construct- 
ive design,  an  entirely  new  era  of  development 
was  ushered  in — one  distinctively  modern  and 
without  analogy  or  precedent. 

Development  of  the  Portland  Cement  Indus- 
try. Notwithstanding  its  great  powers  of  endur- 
ance, the  concrete  employed  by  the  Romans  was 
far  inferior  to  present-day  standards.  That 
used  in  constructing  the  dome  of  the  Pantheon, 
for  example,  was  made  by  mixing  broken  stone 
and  coarse  gravel  with  a  cement  consisting  of  a 
mixture  of  slaked  lime  and  volcanic  ash.  This 
cement  was  not  a  Portland  cement,  but  closely 
resembles  the  Pozzuolan  cement  still  produced 
in  small  quantities  in  Italy  and  other  countries 
of  Europe,  which  is  manufactured  by  mixing 
volcanic  lava  (a  natural  product)  and  slaked 
lime,  the  resulting  mass  forming  a  rather  weak 
hydraulic  cementing  compound  without  requir- 
ing the  agency  of  heating. 

Portland  cement,  on  the  other  hand,  is 
wholly  an  artificial  product,  made  by  calcining 
or  burning  a  finely  ground  and  carefully  propor- 
tioned mixture  of  calcareous  (limey)  matter 
with  an  argillaceous  (clayey)  or  siliceous  sub- 
stance (sand,  quartz,  or  slag)  to  the  point  of  in- 
cipient fusion,  and  grinding  the  resulting 
clinker  to  an  impalpable  powder,  to  which  in 
some  cases  a  small  percentage  of  gypsum  or 
other  special  ingredient  is  added. 
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Although  Portland  cement  now  far  surpasses 
all  other  kinds  of  cement  in  structural  import- 
ance and  in  extent  of  use,  natural  and  slag  ce- 
ments still  figure  to  some  extent  in  construction 
work.  The  difference  in  composition,  strength, 
and  lasting  qualities,  however,  is  great. 

The  first  cements  manufactured  in  modern 
times  were  made  in  England.  As  early  as  1790, 
one  Joseph  Parker  made  a  cement  by  burning 
lumps  of  chalky  clay  stones  and  finely  pulveriz- 
ing the  clinker.  This  he  called  "Roman  ce- 
ment," either  because  it  resembled  the  cement 
used  by  the  Romans  in  its  property  of  setting 
under  water,  or  because  of  its  similarity  in  color 
to  the  lavas  found  in  the  vicinity  of  Rome. 

It  is,  however,  to  Joseph  Aspdin,  a  brick- 
mason  of  Leeds,  that  the  credit  of  originating 
the  first  Portland  Cement  is  due,  and  he  is  there- 
fore generally  recognized  as  the  father  of  the 
modern  Portland  cement  industry.  After  ex- 
perimenting for  some  years  along  the  lines  indi- 
cated by  Parker,  Aspdin  produced  a  cement  by 
mixing  pulverized  limestone  with  clay  in  certain 
proportions,  calcining  in  kilns,  and  grinding 
very  fine.  This  cement  he  named  "Portland** 
because  of  its  close  resemblance  in  color  to  the 
famous  stone  quarried  on  the  Isle  of  Portland 
in  the  English  Channel,  from  which  St.  Paul's 
Cathedral,  the  Eddystone  Lighthouse  of  Smea- 
ton,  and  other  prominent  strujctures  in  England 
were  built. 

In  1824  Aspdin  obtained  a  patent  on  his  hy- 
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draulic  cement.  At  this  time,  however,  and  for 
years  thereafter,  nothing  was  known  of  the 
proper  proportioning  of  calcareous  to  argil- 
laceous matter,  or  of  the  temperature  necessary 
to  insure  a  good  product.  Many  experiments 
were  made  by  English  and  French  engineers  in 
an  endeavor  to  produce  a  cement  that  would 
command  the  attention  of  builders,  but  no  per- 
manent results  of  value  were  obtained.  It  was 
reserved  for  a  German  chemist,  in  1828,  to  for- 
mulate the  first  theory  of  the  action  of  ingre- 
dients and  their  proper  combining  proportions 
to  make  a  true  Portland  cement.  Without  this 
knowledge,  the  securing  of  reliable  material 
could  never  be  depended  upon.  Improvements 
in  standard  were  from  time  to  time  effected. 
Progress,  however,  was  slow;  and  although  the 
manufacture  of  Portland  cement  had  been  be- 
gun in  England  in  1825  or  1827,  it  was  not  until 
the  middle  of  the  century  that  this  cement  se- 
cured any  wide  recognition  of  its  merits  as  a 
material  of  construction.  In  France,  its  manu- 
facture was  begun  in  1846;  and  in  Germany,  at 
Stettin,  in  1855;  but  it  was  not  until  1860  that 
any  considerable  quantity  was  made  for  the  gen- 
eral market  in  England  or  on  the  Continent,  and 
even  then  but  very  little  was  made  for  exporta- 
tion. 

Portland  cement  was  first  brought  to  the 
United  States  in  1865;  and  during  the  following 
decade  considerable  quantities  of  the  foreign 
product  were  imported,  constituting  the  greater 
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portion  of  such  cement  used  in  this  country  by 
architects  and  engineers.  In  the  late  seventies, 
however,  the  domestic  product  began  to  come 
into  competition  with  the  foreign  article,  and 
American  Portland  cement  has  now  almost  en- 
tirely displaced  that  of  foreign  manufacture. 

Thus,  it  was  not  until  some  years  after  the 
close  of  the  Civil  War  that  the  great  Portland 
cement  industry  in  the  United  States  had  its 
beginning.  For  half  a  century  prior  to  that 
time,  natural  cement — the  first  kind  of  cement 
manufactured  in  the  United  States — ^liad  practi- 
cally a  monopoly  of  construction  work  in  this 
country.  Its  manufacture  had  been  begun  in 
1818  by  Canvass  White,  who  secured  a  patent 
for  a  Roman  cement  made  from  natural  rock; 
and  this  material  was  used  in  the  original  ma- 
sonry work  on  the  Erie  canal. 

The  first  Portland  cement  manufactured  in 
the  United  States  was  made  at  Coplay,  Pa.,  in 
1872,  by  David  O.  Saylor,  who  exhibited  his 
product  at  the  Centennial  Exhibition  in  Phila- 
delphia in  1876.  This  was  the  small  beginning 
of  the  present  enormous  American  Portland  ce- 
ment industry,  whose  later  growth  has  in  many 
respects  been  unprecedented  in  the  history  of 
American  industrial  development.  Not,  how- 
ever, until  twenty  years  or  more  had  passed,  did 
the  industry  in  this  country  begin  to  show  any 
very  substantial  increase  or  tendency  to  rise. 
Up  to  1880,  in  fact,  only  six  plants  for  the  manu- 
facture of  Portland  cement  had  been  established 
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in  the  United  States — ^in  Pennsylvania,  New 
York,  Maine,  Indiana,  and  Michigan — and  the 
entire  American  output  aggregated  a  total  of 
only  82,000  barrels.  Not  only  were  American 
methods  of  manufacture  defective  as  compared 
with  foreign  standards,  but  at  that  time  rein- 
forced concrete  was  unknown,  and  the  value  and 
various  adaptabilities  of  Portland  cement  con- 
crete as  a  structural  material  were  not  dreamed 
of.  Natural  cement  had  almost  the  entire  field 
to  itself;  and  concrete,  when  it  was  used  at  all, 
was  confined  almost  wholly  to  foundation  and 
underground  work.  The  slow  progress  of  the 
Portland  cement  industry  in  America  during 
these  early  days  can  be  seen  from  a  glance  at 
Table  I,  which  gives  statistics  of  production  in 
various  years  between  1880  and  1895. 

TABLE  I 

Production  of  Portland  Cement  in  the  United  States 


Year 

Amount  Produced 

Year 

Amount  Produced 

1880 
1882 
1885 
1890 
1891 

42,000  barrels 

82,000       " 

150.000       " 

335,500       " 

454,813       " 

1892 
1893 
1894 
1895 

547,400  barrels 
590,652       " 
798.757       " 
990.324       " 

It  was  not  until  1896  that  the  annual  do- 
mestic production  passed  the  million  barrel 
mark. 

The  general  commercial  application  of  Port- 
land cement  concrete  to  construction  work  may 
be  said  to  date  from  1895.  It  had  previously  at- 
tained wide  use  in  foundations,  and  at  this  time 
its  development  was  beginning  for  such  struc- 
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tures  as  dams,  piers,  breakwaters,  sewers,  and 
subways. 

Several  causes  may  be  assigned  for  the  com- 
paratively slow  early  growth  of  the  industry, 
followed  by  its  later  marvelous  activity.  In  the 
first  place,  the  American  product,  in  the  early 
days  of  the  industry,  was  inferior  to  the  im- 
ported German  and  other  European  makes.  The 
latter  were  long  looked  upon  as  standard;  and 
it  was  only  after  slow  and  tedious  experimenta- 
tion that  the  present  improved  American  meth- 
ods of  manufacture  wxre  developed  so  as  to  pro- 
duce a  high-grade  cement  which,  under  the  tests 
necessary  for  all  structural  materials,  could  be 
depended  upon  to  give  uniform  and  thoroughly 
reliable  results.  Moreover,  the  natural  cement 
industry  had  attained  a  flourishing  growth,  and 
its  competition  had  to  be  overcome.  Again,  the 
cost  of  imported  Portland  cement,  on  account 
of  the  tariff,  continued  high;  and  it  was  only 
with  the  gradual  improvement  in  the  processes 
of  manufacture  that  the  price  asked  for  a  domes- 
tic product  of  a  grade  equal  to  if  not  better  than 
the  foreign  fell  to  a  figure  at  which  plain  con- 
crete could  compete  with  stone  masonry,  or  re- 
inforced concrete  with  other  constructive  ma- 
terials. 

As  a  result,  however,  of  this  gradual  im- 
provement in  quality  and  lowering  in  cost,  do- 
mestic Portland  cement  has  now  almost  entirely 
displaced  the  imported  European  product  in 
American  markets.    Striking  evidence  of  this  is 
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found  in  the  Portland  cement  exhibits  which 
were  made  at  the  Columbian  Exposition  in  Chi- 
cago in  1893,  and  at  the  Louisiana  Purchase  Ex- 
position in  St.  Louis,  Mo.,  in  1904.  At  the  Chi- 
cago World's  Fair  of  1893,  a  very  noticeable  fea- 
ture was  the  absence  of  any  American  Portland 
cement  exhibit,  while  Germany  had  elaborate 
exhibits  of  this  material.  At  St.  Louis  in  1904, 
these  conditions  were  exactly  reversed;  and  the 
conspicuous  absence  of  foreign  cement  exhibits 
worthy  of  note  served  to  emphasize  the  with- 
drawal of  foreign  cements  from  the  American 
market.  In  1893,  more  than  four-fifths  of  all  the 
Portland  cement  used  in  the  United  States  was 
of  foreign  manufacture.  Within  the  following 
decade  the  importations  fell  off  about  three- 
fourths.  From  one  of  the  smallest,  the  United 
States  has  taken  foremost  rank  among  the  larg- 
est Portland  cement  producing  countries  in  the 
world.  And  records  compiled  from  tests  made 
by  government  and  private  engineers  warrant 
the  claim  that  the  leading  American  brands  of 
Portland  cement  are  superior  in  quality  to  any 
of  the  foreign  cements  manufactured  at  the 
present  day,  this  superiority  being  due  to  unsur- 
passed raw  materials  and  the  high  grade  of 
technical  knowledge  and  skill  embodied  in 
American  machinery  and  processes  of  manufac- 
ture. 

In  addition  to  improvement  in  quality  and 
lowering  of  cost,  a  most  important  factor  that 
contributed  to  the  rapid  expansion  of  the  Port- 
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land  cement  industry  in  the  United  States  was 
the  application  of  concrete  to  steel  structural 
work  in  fireproof  building,  and  the  subsequ^t 
development  and  widespread  adoption  of  what 
is  known  as  the  Reinforced  Concrete  type  of 
construction.  Tliese  quickly  created  an  unprece- 
dented demand  for  good  Portland  cement. 

Reinforced  concrete  is  simply  concrete  in 
which  steel  has  been  imbedded  to  give  additional 
strength  and  elasticity.  Plain  concrete  has  great 
compressive  strength,  and,  when  used  in  the 
form  of  pillars  and  posts,  is  capable  of  carrying 
heavy  direct  loads.  It  is  weak,  however,  under 
tension — ^that  is,  when  subjected  to  direct  pull — 
and  the  principle  underlying  reinforced  con- 
struction is  simply  that  of  incorporating  steel 
members  in  a  mass  of  concrete  in  such  a  manner 
as  to  enable  the  mass  to  withstand  the  tensile 
strains  of  transverse  loads. 

The  general  use  of  concrete  on  steel  struc- 
tures, about  1895,  opened  up  a  wide  field  of  new 
opportunities  for  the  use  of  cement.  This  field 
was  enormously  expanded  by  the  general  ac- 
ceptance, about  1900,  of  reinforced  concrete  as 
a  type  of  construction  of  practically  unlimited 
possibilities.  The  subsequent  history  of  the 
Portland  cement  industry  in  the  United  States 
has,  in  fact,  coincided  with  that  of  reinforced 
concrete,  one  being  but  a  reflex  of  the  other  in 
its  unexampled  growth.  A  detailed  historical 
sketch  of  the  development  of  reinforced  con- 
crete systems  will  be  given  later,  under  the  head 


20  CEMENT   CONSTRUCTION 

of  '^ Reinforced  Concrete."  The  subject  is  here 
referred  to  only  in  its  bearings  on  the  develop- 
ment of  the  Portland  cement  manufacturing  in- 
dustry. 

The  invention  of  the  twisted  bar  for  rein- 
forcement was  made  in  1885  by  Ernest  L.  Ran- 
some,  of  San  Francisco,  and  about  1890  came 
the  introduction  of  expanded  metal  and  the 
mesh  systems  of  concrete  construction,  which 
allowed  architects  to  retain  their  steel  struc- 
tures and  use  concrete  for  the  filling  and  arch 
work  between  beams,  in  place  of  brickwork  and 
terra-cotta.  These  methods  enabled  the  archi- 
tects to  use  concrete  in  a  conservative  manner, 
and  to  become  acquainted  with  its  structural 
properties,  without  abandoning  the  steel  frame 
which  constituted  the  main  structural  basis  of 
their  design.  Between  1890  and  1895,  the  pro- 
duction of  Portland  cement  progressed  from 
335,000  barrels  to  990,000  barrels;  and  the  les- 
sons learned  from  the  use  of  concrete  in  this 
type  of  combination  with  steel  led  to  its  adop- 
tion in  a  large  number  of  projects  originally 
planned  for  other  material. 

In  1897  and  1898  occurred  a  great  shortage 
in  structural  steel,  which  gave  directly  a  great 
additional  stimulus  to  the  adoption  of  reinforced 
concrete,  and  indirectly  contributed  enormously 
to  the  expansion  of  the  Portland  cement  indus- 
try. Deliveries  of  shapes  were  so  uncertain  and 
remote  that  engineers  throughout  the  country 
were  at  their  wits'  end  to  find  ways  and  means 
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for  fulfilling  their  designs,  and  they  turned  at 
once  to  reinforced  concrete  to  help  them  out  of 
their  dilemma.  European  systems  of  reinforced 
concrete  were  introduced,  and  engineers  gener- 
ally began  to  study  the  subject  from  a  scientific 
standpoint,  with  the  result  that  by  the  year  1900 
the  steel  concrete  building  was  generally  recog- 
nized as  a  structural  possibility,  and  the  adop- 
tion of  reinforced  concrete  was  considered  for 
every  conceivable  kind  of  problem. 

The  statistics  of  Portland  cement  production 
during  the  years  that  immediately  preceded  and 
followed  the  opening  of  the  new  century,  demon- 
strate in  an  astonishing  way  the  increasing  pop- 
ularity of  concrete  and  the  confidence  of  the  pub- 
lic in  its  properties.  Between  1896  (when  the 
production  of  American  Portland  cement  first 
passed  the  million  barrel  mark)  and  1908,  the 
country's  annual  output  increased  fifty-fold. 
The  26  plants  operating  in  1896  grew  in  number 
during  the  following  decade  to  over  100,  repre- 
senting an  invested  capital  of  more  than  $100,- 
000,000.  The  phenomenal  development  of  the 
industry  will  perhaps  be  best  apparent  from  a 
glance  at  Table  n,  giving  statistics  of  produa^ 
tion  from  1896  to  1908.     See  also  page  318. 

Analysis  of  these  figures  shows  that  the  out- 
put of  Portland  cement  in  the  United  States  has 
multiplied  itself  nearly  ten  times  in  as  many 
years — a  truly  marvelous  growth.  The  greatest 
single  gain  was  in  1906,  when  the  production 
increased  over  11,000,000  barrels,  and  its  valua- 
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TABLE  n 
Portland  Cement  Production  in  the  United  States 


Year 

Amount  Produckd 

Valuation 

189« 

1,543,023  barrels 

1897 

2,677.775       " 

1898 

3,692,284       " 

1899 

5,652,266       ** 

$  8,074,381 

1900 

8,482,020       " 

9,280,625 

1901 

12.711,225       " 

12.532.360 

1902 

17,230,644       " 

20,864.078 

1003 

22,342,073       " 

27.713.319 

1904 

26,505,881       '* 

23.335.119 

1905 

35,246,812       " 

31.245.867 

1906 

46.463.424       " 

51.240.652 

1907 

48,785,390       " 

53,992,551 

1908 

50,000,000       "  (approx.) 

55.000,000  (approx.) 

tion  $17,000,000,  over  the  year  preceding.  With- 
in a  period  of  five  years  ending  in  1908,  the  pro- 
duction was  more  than  doubled,  the  increase  in 
valuation  being  proportionate.  The  output  dur- 
ing the  last  four  years  alone  of  this  period  ex- 
ceeded by  nearly  75,000,000  barrels  the  entire 
production  credited  to  the  thirty  years  preced- 
ing; and  the  valuation  of  the  product  for  the 
same  period  was  over  $70,000,000  in  excess  of 
the  value  of  the  entire  production  from  1870  to 
1904.  An  examination  of  the  statistics  also 
shows  a  gradual  downward  trend  in  the  prices 
of  the  finished  product. 

The  prodigious  growth  of  Portland  cement 
manufacturing,  especially  during  the  past  five 
years,  has  been  unequaled  elsewhere  in  the  an- 
nals of  American  industrial  development.  No 
other  industry  has  advanced  with  such  mighty 
leaps  and  bounds  in  the  same  or  a  proportionate 
length  of  time. 

But  even  these  colossal  figures  show  but  lit- 
tle of  the  depth  or  extent  of  public  interest  that 
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has  been  aroused  in  the  subject  of  cement  and 
concrete  construction.  Even  in  periods  of  busi- 
ness depression,  the  demand  for  cement  in  the 
building  trades  has  been  such  as  to  tax  the  ca- 
pacities of  the  mills  to  their  utmost.  Portland 
cement  has  long  since  passed  the  stage  where 
it  was  regarded  as  suitable  only  for  the  building 
of  underground  and  under-water  work.  It  has 
entered  aggressively  the  field  of  general  con- 
struction; and  in  spite  of  the  fact  that  not  all  its 
structural  applications  and  systems  have  yet 
been  standardized,  nor  all  its  problems  solved,  it 
has  abundantly  *'made  good"  in  setting  at  rest 
all  doubts  as  to  its  marvelous  adaptabilities  and 
fitness  for  constructive  work  in  general.  In  the 
business  and  manufacturing  districts  and  the 
residence  streets  of  cities  and  towns,  along  the 
water-fronts  of  lake  and  ocean  ports,  along  the 
railroad  lines  and  country  highways,  at  summer 
resorts,  in  rural  villages  and  on  the  farm,  struc- 
tures of  every  size,  shape,  and  style  of  adorn- 
ment may  now  be  seen  in  constantly  increasing 
numbers — from  the  skyscraper  to  the  one-story 
garage,  from  palatial  residence  to  simple  cottage 
or  bungalow,  from  arched  bridge  to  culvert  and 
sidewalk  and  curb,  from  the  great  manufactur- 
ing plant  to  the  simple  shop,  from  barn  to  dog- 
kennel  and  hitching  post — in  whose  construc- 
tion cement  has  played  a  leading  part.  And 
when  the  constructive  possibilities  of  this  versa- 
tile material  come  to  be  fully  realized  by  the 
vast  army  of  the   agricultural  and  so-called 
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**middle''  classes — the  substantial  home-seekers 
and  home-makers  who  constitute  the  backbone 
of  our  country — the  output  of  the  cement  mills 
must  show  a  still  greater  increase,  which  wiU 
dwarf  even  the  present  handsome  figures  of  pro- 
duction. 

In  reviewing  the  progress  of  concrete  in  the 
Northwest,  Mr.  L.  B.  Eoberts  shows  both  a  com- 
prehensive grasp  of  present  conditions  and  a 
prophetic  insight  into  the  future  when  he  says: 

**The  new  San  Francisco  is  rising  Phoenix-like  out  of 
the  ashes  of  the  old,  a  city  of  concrete.  She  is  guarding 
the  western  portal  of  the  nation  against  the  dread  bubonic 
plague,  with  Portland  cement  as  her  physician,  and  con- 
crete her  disinfectant.  In  a  war  of  extermination  against 
the  rat  and  its  flea,  the  prime  carrier  of  disease,  millions 
of  yards  of  concrete  have  been  laid.  Wooden  sidewalks, 
alley-ways,  gutters,  piers,  and  buildings  are  being  torn 
down  and  replaced  with  concrete,  disease  and  vermin- 
proof,  under  the  supervision  of  United  States  engineers. 
And  with  the  advent  of  the  era  of  cement,  the  mortality 
rate  in  that  city  alone  has  decreased  50  per  cent. 

**The  same  precaution  must  in  time  be  taken  in  New 
York,  Savannah,  Baltimore,  and  other  ports  of  entry,  as 
the  plague  seems  to  be  slowly  creeping  northward,  and 
with  the  completion  of  the  Panama  canal,  the  liability  of 
seaports  to  infection  will  be  increased  two-fold. 

''Portland  cement  made  it  possible  to  reconstruct  the 
new  Galveston  on  a  grade  many  feet  higher  than  the 
old  city.  Millions  of  barrels  of  it  will  figure  in  the  Pan- 
ama canal  work  alone,  and  the  use  of  this  material  made 
possible  New  York  City's  splendid  system  of  subways. 
London  relies  on  it  to  regain  some  of  her  prestige  as  a 
seaport  she  has  lost  to  Liverpool  and  Glasgow,  and  has 
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ordered  in  new  piers  of  reinforced  concrete  all  along  the 
Thames. 

"It  is  almost  the  sole  building  material  used  in  the  vast 
government  reclamation  projects  in  the  arid  West. 

"Its  cheapness,  its  beauty  when  finished,  and  its  dura- 
bility constantly  recommend  it  to  the  thoughtful  house- 
holder seeking  to  build  a  home  and  to  gain  the  maximum 
of  durability  with  the  minimum  of  cost.  Houses  of  con- 
crete, at  half  the  cost  of  a  wooden  dwelling,  are  a  promise 
of  the  very  near  future,  according  to  the  results  of  experi- 
ments made  by  Edison  and  others. 

"Ships  of  reinforced  concrete,  and  Dreadnoughts  pro- 
tected with  belt  armor  of  concrete  and  steel,  are  a  very 
real  possibility  of  the  future.  Already  canal  boats  have 
been  made  of  concrete  on  a  small  scale,  by  a  Missouri 
firm,  and  have  been  found  to  be  perfectly  satisfactory. 
Similar  experiments  are  being  made  by  the  Italian  Gov- 
ernment. Experiments  have  been  made  with  a  belt  armor 
made  of  reinforced  concrete  faced  with  steel,  which  indi- 
cate that  it  may  prove  a  greater  resistant  to  the  impact 
of  a  projectile  than  even  steel  itself. 

"Especially  on  the  farm  is  Portland  cement  coming 
into  more  and  more  common  use.  With  the  increasing 
price  of  lumber,  the  farmer  finds  he  can  floor  cow-barns, 
erect  silos,  and  do  other  similar  work  more  easily  and 
more  cheaply  with  Portland  cement  than  with  any  other 
material.   .    .    . 

"It  has  even  entered  the  field  of  the  fine  arts.  White 
Portland  cement,  pure  as  the  driven  snow  and  white  as 
the  purest  of  Parian  marble,  at  the  same  time  possessing 
the  strength  and  adamantine  hardness  of  the  gray  cement, 
is  a  discovery  of  the  past  year  (1908).  It  retains  the 
finest  impression  from  the  mould,  as  faithfully  as  wax, 
and  outlasts  marble  in  the  struggle  with  time  and  the 
elements.  It  promises  largely  to  supplant  decorative 
stone  for  the  trimming  of  buildings,  to  take  the  place  of 
plaster  of  Paris  for  the  decoration  of  theaters;  and  rep- 
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licas  of  the  world's  most  famous  statues  will  be  seen  in 
the  parks  and  on  the  driveways  of  the  future,  perpetu- 
ated in  a  material  which  will  outlast  the  blocks  of  solid 
stone  given  form  by  the  cunning  hand  of  the  sculptor.  .  . 

"It  is  already  the  favorite  building  material  on  the 
plains  of  the  Dakotas  and  Montana,  where  lumber  is  rela- 
tively scarce  and  prices  high ;  and  in  the  new  boom  towns, 
high  schools,  libraries,  and  public  buildings  are  largely 
constructed  of  it. 

"It  is  already  looked  on  as  the  natural  successor  to 
lumber,  and  some  there  are  who  see  in  it  the  solution  to 
some  of  the  forestation  problems.  With  the  invention 
of  steel  moulds,  the  use  of  lumber  even  in  forms  for  the 
concrete  may  be  done  away  with. 

"The  future  of  the  industry  is  assured.  The  exhaus- 
tion of  raw  material  is  so  remote  a  possibility  that  it 
may  be  dispensed  with.  Limestones,  clays,  shales,  and 
slate  are  found  in  large  quantities  in  most  of  the  States 
of  the  Union.  Throughout  New  York,  Pennsylvania,  and 
most  of  the  Eastern  and  Southern  States,  these  minerals 
exist  in  inexhaustible  quantities  in  close  juxtaposition; 
while  the  south  shore  of  the  Great  Lakes,  especially 
through  Ohio,  Indiana,  Illinois,  and  Michigan,  is  almost 
solidly  underlain  with  limestone.  Coal  and  labor  are 
easily  available  in  these  districts  as  well,  which  accounts 
for  the  large  production  of  Portland  cement  in  these 
regions.  The  greater  part  of  the  country's  output  is 
produced  in  these  States,  though  smaller  plants  are  scat- 
tered about  through  the  South  and  Middle  West  and  the 
Coast  States.     .     .     . 

"Throughout  the  Northwest,  Portland  cement  is  com- 
ing more  and  more  into  use  for  buildings,  sidewalks, 
dams,  railroad  construction,  and  use  in  every  shape  and 
form.  Already  it  has  assumed  a  place  of  prime  impor- 
tance in  building  circles,  and  is  increasing  in  importance 
day  by  day  and  year  by  year.  Truly  the  era  of  cement 
has  but  begun — its  future  is  assured." 


Dictionary  of  Terms 

Like  every  other  branch  of  human  activity, 
the  concrete  industry  has  developed  a  list  of 
terms  of  special  meaning.  With  the  usage  of 
these  terms,  the  more  common  of  which  are 
given  below,  the  student  of  cement  and  concrete 
should  at  the  very  outset  make  himself  thor- 
oughly familiar. 

Activity — Manifestation  of  characteristic  prop- 
erties; the  property  of  cement  which  causes 
it  to  set  by  undergoing  chemical  change  on 
the  addition  of  water. 
Aggregates — The  solid  and  relatively  coarse  in- 
gredients which  are  bound  together  by  ce- 
ment in  a  mass  of  concrete.  In  the  great  ma- 
jority of  cases,  the  materials  used  as  aggre- 
gates are  mineral,  comprising  sand,  gravel, 
crushed  stone,  furnace  slag,  cinders,  etc.,  of 
varying  degrees  of  fineness.  In  the  form  of 
concrete  known  as  "pulp  concrete,"  saw- 
dust, an  organic  material,  is  used  as  an  ag- 
gregate. 

Chemically  the  aggregates  are  absolutely 
inert  or  inactive  in  the  formation  of  concrete, 
playing  only  a  physical  part  because  of  their 
presence  as  space  fiUers.  Sand  or  other  ma- 
terial fine  enough  to  pass  through  a  sieve  of 
one-fourth-inch  mesh,  was  formerly  not 
classed  as  an  "aggregate,"  this  term  being 
confined  to  the  coarser  grades  of  material. 
Inasmuch,  however,  as  the  function  of  the 
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sand  is  essentially  the  same,  both  physically 
and  chemically,  as  that  of  the  coarser  ingre- 
dients, the  later  approved  practice  has  come 
to  include  sand  also  among  the  "aggre- 
gates." The  word  is  of  Latin  origin — ^from 
"ad"  (to)  and  "grex"  (a  flock) — and  means 
things  collected  together  in  a  mass. 

Angularity — The  property  of  having  edges  or 
faces  that  meet  sharply  at  angles,  as  distin- 
guished from  shapes  that  are  oval  or  rounded. 

Argillaceous — Consisting  of,  or  containing,  clay. 

Armored  Concrete — Same  as  Reinforced  Con- 
crete. 

Artificial  Stone — ^A  term  applied  to  concrete  be- 
cause of  its  resemblance  in  appearance  to 
natural  stone  and  its  similar  use  as  a  mate- 
rial of  construction;  any  stone  made  by  mix- 
ing aggregates  with  adhesive  material,  al- 
lowed to  harden,  and  used  instead  of  natural 
stone. 

Calcareous — Consisting  of,  or  containing,  cal- 
cium carbonate  or  carbonate  of  lime. 

Calcining — Burning;  subjecting  to  sufficient 
heat  to  cause  partial  chemical  disintegration, 
or  incipient  or  total  fusion  or  vitrification. 

Cement — The  binding  material  which  holds  the 
aggregates  together  in  concrete  in  a  solid 
mass.  Derived  from  Latin  "caedere"  (to 
cut),  and  signifies  any  substance  used  for 
making  bodies  adhere  to  each  other,  or  bind- 
ing together  those  which  have  been  cut  or 
broken  apart,  as  mortar,  glue,  etc.    The  term 
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was  originally  applied  to  rough,  unhewn 
blocks  of  stone  used  in  construction;  later, 
to  marble  chips  used  in  making  mortar;  later, 
to  mortar  itself;  and  was  finally  extended  to 
include  any  sort  of  plastic  bonding  material. 

Center — A  middle  point,  line,  or  plane,  used,  for 
example,  in  measuring  the  distance  from  one 
joist,  beam,  or  column  to  another;  the  tempo- 
rary wooden  or  metal  supports  used  in  the 
erection  of  arches  or  other  superimposed  or 
overlying  constructive  work. 

Concrete — A  building  or  constructive  material, 
sometimes  called  "artificial  stone,"  made  by 
mixing  together  cementing  material,  aggre- 
gates, and  water,  in  varying  proportions  de- 
pending on  the  desired  strength  and  special 
intended  use  of  the  material.  Derived  from 
Latin  "con"  (together)  and  "crescere"  (to 
grow),  and  means  "grown  together." 

Concrete-Steel — Same  as  Reinforced  Concrete. 

Constancy  of  Volume — See  Soundness. 

Core — The  mould  used  to  form  the  hollowed-out 
part  of  a  cement  or  concrete  block. 

Crazing — The  checking  or  cracking  of  the  sur- 
face of  artificial  stone,  concrete,  etc. 

Crystallization — The  setting  of  cement  due  to 
its  chemical  action  on  coming  in  contact  with 
water. 

Efflorescence — The  white  or  grayish  crust  some- 
times formed  on  the  surface  of  brick,  con- 
crete, stone,  etc.,  due  to  the  leeching-out  of 
soluble  chemical  salts. 
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Empirical — Based  on  practical  experience  as 
distinguished  from  refined  scientific  and 
theoretical  calculations.  Empirical  rules,  for 
example,  are  founded  merely  on  the  observed 
results  of  actual  experience,  while  the  theory 
underlying  such  rules  may  never  yet  have 
been  formulated. 

Erosion  —  Wearing  away,  as,  for  example, 
through  the  action  of  water,  of  the  weather, 
etc. 

Failure — Collapse,  rupture,  or  fracture — ^as  the 
failure  of  a  beam  or  column. 

Forms^ — Wooden  or  metal  constructions  set  up 
temporarily  for  the  purpose  of  holding  con- 
crete in  shape  and  in  place  until  it  has  set 
and  has  hardened  sufficiently  to  be  self-sup- 
porting. 

Frost  Line — The  average  level  to  which  frost 
penetrates  into  the  ground.  It  varies  in  dif- 
ferent localities. 

Fusion — Melting;  usually  applied  only  to  melt- 
ing of  mineral  substances  which  takes  place 
at  relatively  high  temperatures. 

Gauging — Stirring  or  mixing. 

Granolithic — Consisting  of  artificial  stone  of 
fine  granular  structure. 

Green — ^Unripe,  unseasoned,  fresh.  Applied  to 
concrete,  it  signifies  concrete  which  has  not 
completely  set. 

Grout — Thin  mortar. 

Gypsum — A  mineral  consisting  of  the  hydrous 
sulphate  of  calcium — that  is,  sulphate  of  lime 
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containing  a  considerable  amount  of  water 
of  crystallization.  When  the  water  is  driven 
off  by  heat,  the  resulting  product  is  ''plaster 
of  Paris. ' ' 

Hardening — See  Setting. 

Hydration — A  chemical  change  that  takes  place 
in  combination  with  water  or  under  the  ac- 
tion of  water. 

Hydraulic — Active  in  the  presence  of,  or  under 
the  influence  of,  water.  Hydraulic  lime  and 
hydraulic  cement,  for  example,  ai'e  lime  and 
cement  that  will  set  and  harden  under  water. 
Derived  from  Greek  ''hudor"  (water). 

Incipient — Beginning  to  take  place.  Burning 
to  "incipient"  fusion,  for  example,  means 
heating  to  a  temperature  at  which  fusion  or 
melting  of  the  material  begins. 

Keene's  Cement — A  special  form  of  gj^psum 
plaster  whose  properties  depend  on  an  ad- 
mixture of  a  certain  proportion  of  alum. 

Monolith — A  term  applied  to  single-piece  work, 
or  walls  built  with  concrete  between  frames. 
A  word  of  Greek  origin;  its  literal  meaning 
is  "one  stone." 

Mortar — A  plastic  mixture  of  lime,  cement, 
plaster  of  Paris,  or  other  material,  with  sand, 
water,  hair,  etc.;  used  for  plastering  or  for 
binding  together  stone,  brick,  etc.,  in  con- 
struction work. 

Moulds — Frames  used  to  shape  concrete,  plas- 
ter, or  metal  into  various  forms. 

Pebble-Stone  Finish — The  finish  given  stucco  or 
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plaster  work  by  spreading  small  pebbles  over 
the  surface. 

Plaster  of  Paris — Anhydrous  sulphate  of  lime. 
Produced  by  calcining  gypsum  at  a  tempera- 
ture sufficient  to  drive  off  the  water  of 
crystallization.  Mixed  with  water,  it  forms 
a  paste  which  quickly  hardens,  and  is  much 
used  for  casts,  mouldings,  hard  plaster,  stuc- 
co-work, etc.  So  called  because  first  brought 
from  a  suburb  of  Paris. 

Plastic — Capable  of  being  moulded,  formed, 
modeled,  or  spread,  like  mortar  or  paste. 

Porous — The  quality  of  possessing  pores  or 
minute  voids. 

Ramming — The  pounding  or  beating  of  concrete 
to  compress  the  mass  and  force  out  the  su- 
perfluous water. 

Reinforced  or  Reinforcing — To  reinforce  means 
to  give  additional  strength  to;  in  concrete 
work,  it  signifies  the  imbedding  of  steel  mem- 
bers in  a  mass  of  concrete  in  such  a  way  as 
to  add  to  its  strength  and  elasticity. 

Retemper — To  stir  thoroughly  again,  so  as  to 
give  a  workable  consistency;  to  regauge,  as 
in  stirring  up  mortar  or  concrete  that  has  al- 
ready begun  to  set. 

Rubble — Rough,  broken  stone  used  in  coarse 
masonry,  or  to  fill  between  the  facing  courses 
of  walls,  or  in  making  up  the  interior  of  mas- 
sive stone  or  concrete  work. 

Screeds — Levels  for  guides  and  bearings  for 
leveling  and  ruling  off. 
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Setting — Loss  of  plasticity;  solidification  from 
plastic  state,  due  to  crystallization  of  the  ce- 
menting material.  Takes  place  soon  after 
mixing.  To  be  distinguished  from  "harden- 
ing," which  may  continue  for  months  or 
years  after  the  ''set"  is  complete. 

Siliceous — Containing  silica  (quartz  or  sand), 
or  partaking  of  its  nature.  Written  also 
"Silicious." 

Soakage — The  absorption  of  water  by  hardened 
concrete,  stone,  brick,  etc. 

Soundness — Absence  of  tendency  to  cracking, 
swelling,  shrinking,  distortion,  or  disintegra- 
tion under  varying  conditions  of  moisture 
and  temperature ;  constancy  of  volume. 

Stonette — A  composition  of  Portland  cement 
and  fine  aggregate. 

Striking — Taking  down  and  removing — as,  for 
example,  striking  the  centers  or  forms  used 
in  arch  construction. 

Stucco — Cement  mortar  or  gypsum  plaster,  used 
in  exterior  finishing  of  buildings. 

Subfoundation — The  first  layer  of  material 
placed  in  excavated  ground  for  sidewalks, 
floors,  etc.;  usually  it  is  cinders. 

Tamping — The  pounding  of  concrete  to  reduce 
voids  and  force  the  aggregates  as  closely  to- 
gether as  possible  into  a  compact  mass. 

Tensile  Strength — The  holding  power  or  meas- 
m-e  of  adhesiveness  of  concrete  or  cement 
mortar;  power  to  resist  the  action  of  forces 
tending  to  pull  apart.    Contrasted  with  Com- 
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pressive  Strength,  the  power  to  resist  crush- 
ing under  direct  pressure. 

Trap  Rock — A  dark-colored  igneous  rock  of 
great  weight  and  strength,  including  basalt, 
feldspar,  etc. 

Treads  and  Risers — The  tread  is  the  horizontal 
part  of  a  step.    The  riser  is  the  vertical  part. 

Vitrify — To  make  glass-like,  as  vitrified  clay, 
glazed  surfaces,  etc. ;  usually  done  by  heating 
to  fusion. 

Voids — The  air-spaces  or  interstices  between 
the  particles  of  aggregates. 

Waterproofing — Rendering  impervious  to  mois- 
ture. Accomplished  either  by  special  treat- 
ment of  the  concrete  surface,  or  by  mixing 
special  solid  or  liquid  compounds  into  the 
concrete  mass  before  placing. 

Wearing  Surface — The  top  coat  of  cement  and 
sand  on  walks,  stairs,  platforms,  or  verandas ; 
any  surface  that  is  exposed  to  wear  by  being 
walked  upon  or  brought  into  contact  with 
outside  forces. 


Materials  and  Manufacture  of 
Concrete 

What  Concrete  Is.  Concrete  is  an  artificial 
or  manufactured  stone  consisting  of  aggregates 
(sand,  gravel,  etc.)  and  cementing  materials, 
mixed  together  with  water.  The  ingredients  to 
be  used,  as  well  as  their  proportions,  vary  with 
the  kind  of  work  for  which  the  concrete  is  in- 
tended. 

If  a  mixture  could  be  made  containing  abso- 
lutely no  voids  or  air-spaces — a  mixture  in  which 
every  part  of  the  surface  of  every  particle  was 
covered  by  cement  paste  in  intimate  contact 
with  it,  and  every  intervening  space  between  the 
particles  completely  filled  with  the  cement  paste 
— that  mixtui-e  would  be  an  ideal  mixture.  And 
provided  the  ingredients  in  this  ideal  mixture 
were  of  the  kind  and  size  and  proportions  best 
adapted  to  the  work  in  view,  and  were  of  uni- 
form good  quality  throughout,  the  resulting 
mass  would  be  an  ideal  concrete. 

A  concrete  which  would  be  ideal  for  one  pur- 
pose or  location  might  not  be  at  all  suitable  for 
another.  The  particular  use  that  is  to  be  made 
of  the  concrete  is  a  factor  which  must  always  be 
considered  in  the  selection  and  proportioning  of 
its  ingredients. 

In  practice  it  is  impossible  to  attain  the  abso- 
lute perfection  of  these  theoretical  ideals.  The 
air-spaces  in  concrete  can  be  reduced  in  quan- 
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tity,  but  cannot  be  entirely  eliminated.  Even 
with  the  utmost  practicable  care  and  thorough- 
ness in  proportioning  and  mixing,  and  notwith- 
standing the  use  of  enormous  power  in  com- 
pressing the  mass,  some  small,  infinitesimal 
voids  will  still  remain.  The  fallibility,  also,  of 
human  perception  and  judgment  in  the  choosing 
and  testing  of  materials,  and  the  greater  or  less 
imperfection  that  characterizes  all  devices  and 
processes  of  man's  making,  will  introduce  at 
least  some  slight  variation  from  the  theoretical 
standards  of  absolute  perfection.  An  ideal  con- 
crete is  no  more  possible  in  actual  practice  than 
is  an  ideally  perfect  wood  or  stone  or  brick  or 
steel  or  other  structural  material.  We  may 
know  perfectly  well  what  the  ideal  requirements 
are,  but  their  complete  realization  will  always 
be  beyond  us.  The  utmost  that  we  can  do  is  to 
approximate  them  more  or  less  closely.  They 
are  the  goal  to  be  aimed  at  in  all  endeavor,  and 
our  work  will  be  perfect  only  in  proportion  as 
we  approach  them.  Nature  herself  affords  us  the 
only  examples  that  are  to  be  found  of  absolute 
perfection — ^in  the  handicraft  of  the  Master 
Workman. 

In  spite,  however,  of  theoretical  limitations, 
and  the  fact  that  not  all  the  problems  of  concrete 
have  yet  been  finally  worked  out,  nor  all  its  de- 
tails standardized,  it  can  be  said  that  the  modern 
art  of  working  in  concrete  has  now  reached  such 
a  stage  of  development  that  a  degree  of  perfec- 
tion sufficient  for  all  practical  purposes  is  quite 
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within  the  reach  of  everyone  who  will  give  the 
matter  a  little  careful  study. 

For  many  years,  concrete  has  been  regarded 
as  an  ideal  building  material  for  the  heavier  and 
more  massive  kinds  of  work,  such  as  aqueducts 
and  viaducts,  dams  and  piers,  sewers,  retaining 
walls,  etc. ;  but  it  is  only  very  recently  that  any 
great  degree  of  attention  has  been  given  to  its 
use  in  the  smaller  construction  about  the  home 
and  on  the  farm.  Even  here,  however — among 
suburbanites  and  home-owners,  villagers  and 
farmers — it  is  now  a  subject  of  steadily  growing 
interest  and  increased  study,  and  is  demonstrat- 
ing its  possibilities  and  advantages  as  a  material 
of  construction  in  many  different  ways. 

The  wonderful  adaptability  of  concrete  to 
various  forms  and  combinations  of  construction 
is  based  on  its  property  of  changing  from  a  plas-^ 
tic  condition — in  which  it  can  be  moulded  to  any 
shape  or  design — ^into  a  firm,  rigid,  rock-like 
mass,  through  the  setting  and  hardening  of  the 
cement  paste.  No  other  building  material  that 
the  world  has  ever  known  can  compare  with  con- 
crete in  this  respect.  In  addition,  however,  to 
this  peculiar  property,  concrete  possesses  cer- 
tain qualities  which  have  irresistibly  compelled 
the  structural  world  to  study  carefully  its  al- 
leged advantages  as  a  substitute  for  wood,  cut 
stone,  and  other  old-time  building  materials,  and 
which  have  naturally  caused  its  claims  to  be 
looked  upon  with  more  or  less  favor.  These 
qualities  are  its  durability  and  accumulative 
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strength,  its  non-corrosion  in  moist  places  and 
freedom  from  rotting  under  any  conditions,  its 
cleanliness  and  sanitary  value,  its  resistance  to 
fire  and  the  action  of  the  elements,  its  protection 
of  steel  from  corrosion,  its  deadening  to  sound, 
its  ease  of  manipulation,  and  its  moderate  and 
steadily  lowered  cost  as  compared  with  the  in- 
creasingly higher  cost  of  lumber,  due  to  the 
gradual  exhaustion  of  our  natural  resources  of 
forest  wealth. 

CEMENTING  MATERIALS 

In  the  making  of  concrete,  the  principal  ce- 
menting materials  used  are  Common  Lime,  Hy- 
draulic Lime,  Natural  Cement,  Slag  Cement  or 
Pozzuolana  (sometimes  spelled  Puzzolan  Ce- 
ment), Portland  Cement,  and  Keene's  Cement. 

Common  Lime 

The  old-fashioned  lime  of  commerce  used  in 
making  mortar  for  ordinary  plaster  work,  is  also 
used  to  some  extent  in  concrete  work.  The  ad- 
dition of  a  small  percentage  increases  the 
smoothness  and  plasticity  of  wet  concrete,  and 
adds  to  the  ease  with  which  it  is  worked  under 
the  trowel. 

Common  lime  is  made  by  burning  limestone 
in  kilns.  The  limestone — which  consists  chiefly 
of  calcium  carbonate  or  carbonate  of  lime 
(CaCOs) — on  being  subjected  to  intense  heat,  is 
partially  decomposed.  The  carbonic  acid  gas 
(CO2)  which  it  contains  is  driven  off,  leaving 
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only  the  calcium  oxide  or  oxide  of  lime  (CaO). 
This  is  known  as  quicklime  or  unslaked  lime, 
and  is  the  form  in  which  common  lime  is  pur- 
chased on  the  market.  A  barrel  of  lime  weighs 
230  pounds  net;  and  60  cents  a  barrel  may  be 
quoted  as  an  average  price. 

Before  lime  can  be  used,  it  must  be  slaked — 
that  is,  combined  with  water.  Quicklime  is  sol- 
uble to  some  extent  in  soft  water — that  is,  in 
water  which  does  not  already  contain  any  large 
proportion  of  lime.  In  solution,  it  renders  water 
hard. 

The  activity  of  quicklime  is  based  on  its  great 
affinity  for  both  water  and  carbonic  acid.  These 
ingredients  it  will  absorb  quite  rapidly  from  the 
atmosphere,  if  left  exposed;  and  in  time  it  will 
become  air-slaked,  losing  that  power  of  becom- 
ing hard  again  which  is  its  most  valuable  prop- 
erty as  a  material  of  construction.  For  this  rea- 
son, in  order  to  prevent  deterioration,  quicklime 
should  be  kept  under  cover,  protected  as  much 
as  possible  from  air  currents,  and,  above  all, 
must  be  kept  dry. 

When  the  lime  is  needed  for  use,  it  is  slaked 
by  adding  water.  Great  heat  is  developed  in  the 
slaking  process,  and  the  volume  of  the  lime  is 
increased  to  about  three  times  what  it  was  be- 
fore. An  increase  of  about  one-fourth  in  weight 
also  occurs.  From  hard  lumps,  the  mass  is 
transformed  into  a  fine  white  powder,  which,  on 
the  addition  of  more  water,  becomes  a  smooth, 
unctuous  paste.    In  slaking,  the  degree  of  heat 
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generated,  and  the  volume  of  expansion,  will 
vary  somewhat  with  different  limes,  being  the 
greater  as  the  lime  is  purer,  and  thus  affording 
a  rough  indication  of  the  quality  of  the  lime. 

Lime  made  from  marble  is  almost  pure;  but 
the  product  made  from  limestones  will  contain 
various  impurities,  such  as  silica,  alumina,  mag- 
nesia, etc.  The  presence  of  a  certain  proportion 
of  these  is  not  necessarily  harmful.  A  lime  may 
contain  up  to  ten  per  cent  of  these  foreign  in- 
gredients, and  still  be  of  ''good  quality."  On 
the  other  hand,  lime  which  has  been  allowed  to 
deteriorate  by  air-slaking,  or  which  contains  too 
large  a  percentage  of  impurities,  so  that  a 
proper  slaking  and  expansion  cannot  be  ob- 
tained, is  said  to  be  a  ''lean"  or  "poor"  lime,  as 
distinguished  from  a  "fat"  or  "rich"  lime.  It 
may  be  so  poor  as  to  be  entirely  worthless  ex- 
cept for  fertilizing  purposes. 

In  the  course  of  time,  if  exposed  to  the  at- 
mosphere, a  lime  paste  will  harden  by  absorbing 
carbonic  oxide  from  the  air.  The  carbonate  of 
lime  is  thereby  formed,  so  that  the  process  of 
the  hardening  of  lime  is  in  reality  a  return  to 
approximately  the  original  condition  of  the 
stone.  It  is  upon  this  peculiar  property  of 
hardening  under  atmospheric  action  that  the 
chief  constructive  value  of  lime  depends.  The 
hardening  process  may  continue  for  years,  pene- 
trating deeper  and  deeper  into  the  mass. 

The  very  fact,  however,  that  atmospheric 
action  is  essential,  indicates  the  natural  limita- 
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tions  on  the  use  of  common  lime  as  a  material 
of  construction.  It  is  unsuited  for  work  imder 
water;  here  the  air  cannot  reach  it,  and  it  will 
not  harden.  When  exposed  to  the  action  of  sea 
water,  particularly,  it  will  very  rapidly  disinte- 
grate owing  to  the  formation  of  soluble  sulphates 
and  aluminates.  It  is  also  unsuited  for  use  in 
the  interior  of  massive  work  where  it  will  be 
buried  at  such  depths  as  in  effect  to  be  sealed 
hermetically  from  the  action  of  the  carbonic 
oxide  of  the  air.  Even  after  standing  many 
years,  lime  mortar  in  the  interior  of  massive 
work  has  been  found  to  be  still  soft. 

Hydraulic  Lime 

Hydraulic  lime,  so  called  because  of  its  prop- 
erty of  setting  when  placed  under  water,  is  now 
but  very  little  used  in  America.  What  little  is 
employed  in  construction  work  is  imported.  It 
is  made  by  calcining  certain  limestones  which 
contain,  besides  carbonate  of  lime,  certain  pro- 
portions of  clay  or  silica  (ten  to  twenty  per 
cent).  Part  of  the  carbonate  of  lime  becomes 
ordinary  quicklime;  but  other  parts  unite  with 
the  clay  to  form  aluminate  of  lime,  or  with  the 
silica  to  form  silicate  of  lime. 

Unlike  the  case  of  common  lime,  the  slaking 
process  is  carried  out  before  the  product  is  mar- 
keted. A  sufficient  quantity  of  water  to  slake 
the  quicklime  completely  and  thus  reduce  the 
entire  mass  to  a  very  fine  powder   (but  not 
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enough  water  to  affect  the  silicate  or  aluminate) 
is  carefully  added  by  sprinkling. 

When  the  product,  on  being  finally  used,  is 
thoroughly  mixed  with  water,  the  aluminate  or 
silicate  appears  to  be  dissolved,  and,  on  drying 
out,  becomes  crystallized.  To  this  cause,  the 
setting  of  hydraulic  lime  is  apparently  due. 

CEMENTS 

Kinds  of  Cement.  Most  of  the  cement  now 
employed  in  constructive  work  falls  under  one 
or  the  other  of  two  main  heads — Natural  Cement 
and  Portland  Cement,  the  latter  being  much  the 
more  extensively  used,  especially  where  great 
strength  and  absolute  reliability  as  to  uniform 
quality  are  required.  In  some  instances,  the  so- 
called  Pozzuolana  and  Artificial  Slag  Cements 
are  also  used;  and,  for  certain  special  locations 
and  purposes,  a  special  kind  of  cement  known 
as  Keene's  Cement  is  preferred. 

Natural  Cement 

Natural  cement  is  so  called  because  the  raw 
material  from  which  it  is  made  is  found  in  a 
natural  state  and  is  used  just  as  it  comes  from 
the  earth,  requiring  neither  artificial  propor- 
tioning nor  the  admixture  of  other  ingredients. 

In  the  case  of  the  Portlands,  on  the  other 
hand— for  the  different  brands  of  Portland 
cement  differ  among  themselves  in  chemical 
composition,  and  there  is  no  general  chemical 
formula  for  Portland  cement — ^the  raw  material 
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is  in  every  case  an  artificial  mixture.  Some 
natural  ingredients,  it  is  true,  are  used  in  the 
making  of  Portland  cement;  but  the  propor- 
tioning and  mixing  are  always  artificially  done, 
and  only  after  careful  chemical  and  physical 
tests  to  determine  exactly  the  proportions  and 
the  degree  of  fineness  of  grinding  necessary  for 
developing  the  qualities  desired.  A  so-called 
''Natural  Portland"  is  made  in  small  quantities 
in  England  and  on  the  European  Continent,  in 
those  rare  cases  where  limestone  is  found  con- 
taining combinations  of  lime,  silica,  and  alumina 
in  the  proportions  approaching  those  which 
experience  has  shown  to  be  desirable;  but  for 
best  results,  and  to  meet  the  large  demand  of 
the  present  day  for  a  uniform  and  reliable  prod- 
uct, a  carefully  calculated  artificial  mixture  of 
ingredients  is  absolutely  necessary.  This  point 
is  well  brought  out  in  Taylor  and  Thompson's 
"Concrete,  Plain  and  Reinforced,"  by  S.  B. 
Newberry,  who  says: 

"If  a  deposit  of  stone  containing  exactly  the  right 
amount  of  clay,  and  of  exactly  uniform  composition,  could 
be  found,  Portland  cement  could  be  made  from  it,  simply 
by  burning  and  grinding.  For  good  results,  however,  the 
composition  of  the  raw  material  must  be  exact,  and  the 
proportion  of  carbonate  of  lime  in  it  must  not  vary  even 
by  one  per  cent.  No  natural  deposit  of  rock  of  exactly 
this  correct  and  unvarying  composition  is  known  or  likely 
ever  to  be  found;  therefore  Portland  cement  is  always 
made  from  an  artificial  mixture,  usually,  if  free  from 
organic  matter,  containing  about  75  per  cent  carbonate  of 
lime  and  25  per  cent  clay." 
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Natural  cements  are  made  by  calcining  argil- 
laceous (clayey)  or  magnesian  limestones.  The 
temperature  required  is  considerably  lower  than 
that  needed  for  the  making  of  Portland  cement. 
The  resulting  clinker  is  ground  to  a  fine  powder, 
which  is  then  immediately  ready  for  use. 

Natural  cements  vary  in  color  from  light  to 
dark  gray,  according  to  the  character  of  the 
stone  from  which  they  are  made.  They  are  mar- 
keted under  various  names  such  as  **  Rosen- 
dale,"  ^^Utica,"  '^ Louisville, '^  *'Akron,"  "Mil- 
waukee," **Fort  Scott,"  etc.,  depending  gener- 
ally on  the  locality  where  the  cement  rock  is 
found.  The  cement,  for  example,  known  as 
Rosendale — a  name  sometimes  applied  loosely 
to  all  natural  cements — ^is  made  by  burning  mag- 
nesian limestone,  of  which  very  important 
deposits  occur  near  the  town  of  Rosendale  in 
Ulster  County,  New  York.  After  being  quar- 
ried and  sorted,  the  stone  is  heated  in  large 
kilns.  The  over-burned  and  under-burned  por- 
tions are  carefully  discarded,  and  the  properly 
burned  portion  is  passed  at  once  to  crushers, 
where  it  is  reduced  to  a  fine  powder,  then  being 
carefully  screened  and  packed  for  shipment  in 
either  barrels  or  bags. 

The  so-called  ** Roman  cement,"  first  made  in 
England  toward  the  end  of  the  eighteenth  cen- 
tury, and  still  manufactured  to  some  extent  in 
that  country  and  on  the  Continent,  is  one  of  the 
"natural"  cements. 
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Owing  to  the  fact  that  the  chemical  contents 
of  the  cement  rock  may  differ  greatly  even  in 
different  parts  of  the  same  quarry,  the  strength 
of  the  product  ma}^  show  great  variations  on 
test;  and  it  is  only  by  careful  selection  of  the 
desirable  strata  that  a  uniformity  of  quality  can 
be  insured.  Much  of  the  disfavor  with  which 
natural  cements  have  been  looked  upon  by 
engineers  has  been  due  to  this  uncertainty  and 
variation  in  strength.  In  the  case  of  Portland 
cement,  on  the  contrary,  a  substantially  absolute 
uniformity  of  composition  and  consequent  relia- 
bility as  to  strength  in  any  particular  brand,  are 
not  only  attainable,  but  are  practically  assured 
by  the  careful  technical  supervision  exercised 
over  all  the  processes  and  details  of  manufac- 
ture by  the  leading  American  Portland  cement 
makers. 

In  strength,  natural  cement  falls  consider- 
ably below  Portland.  Its  hydraulic  activity,  on 
the  other  hand,  is  considerably  greater;  that  is, 
it  sets  much  more  quickly  than  Portland  cement 
— which  may  or  may  not  be  an  advantage,  de- 
pending on  the  time  available  and  whether  a 
quick  or  slow  setting  is  desirable.  The  setting 
of  natural  cement  can  be  retarded,  and  thus 
regulated  to  some  extent,  by  the  addition  of  a 
small  proportion  of  lime  in  mixing  the  mortal 
or  concrete. 

For  use  under  sea  water,  a  good  quality  of 
Rosendale  cement  seems  better  adapted  than 
the  ordinary  Portland.    The  former  is  of  con- 


46  CEMENT   CONSTRUCTION 

stant  volume  in  sea  water,  probably  due  to  tLe 
absence  of  free  lime  and  to  the  presence  of  a 
larger  amount  of  magnesia  than  can  safely  be 
used  in  Portland  cement;  while  the  latter  has 
a  tendency  to  expand  or  swell  and  disintegrate, 
probably  because  of  the  chemical  action  of  the 
sulphates  in  the  water  upon  the  constituents  of 
Portland  cement,  and  the  consequent  formation 
of  soluble  salts. 

Natural  cement  costs  less  than  Portland,  and 
for  this  reason  is  still  used  to  a  large  extent  in 
construction  where  no  very  great  degree  of 
tensile  strength  is  required.  It  is  well  adapted, 
for  example,  for  use  in  the  interior  of  heavy 
masonry.  The  lower  cost  of  natural  cement  as 
compared  with  Portland  is  explained  by  the  fact 
that  its  raw  material  is  wholly  a  natural  product 
used  just  as  it  comes  from  the  quarry,  and  in  its 
manufacture  a  much  lower  temperature  is  re- 
quired for  burning  than  is  needed  for  the 
making  of  Portland  cement. 

Natural  cements  will  not  carry  so  large  a 
proportion  of  sand  with  good  results  as  will 
Portland,  and  they  require  more  water  than  the 
latter  for  proper  hydration;  they  are  more  plas- 
tic, however,  and  work  more  smoothly  under  the 
trowel  or  other  tools. 

The  Western  natural  cements,  such  as 
** Louisville '^  and  ** Akron,''  weigh  265  lbs.  to 
the  barrel;  but  *'Rosendale"  from  New  York  or 
Pennsylvania  weighs  300  lbs.  to  the  barrel. 
Natural  cements  are  thus  lighter  than  Port- 
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lands,  which  weigh  about  380  lbs.  per  barrel; 
and  they  are  usually  sold  in  cloth  bags,  three 
bags  to  the  barrel,  instead  of  four  bags,  as  is  the 
case  with  Portland  cements. 

For  many  years,  as  already  noted,  natural 
cement  enjoyed  a  practical  monopoly  of  the  con- 
structive field  in  concrete  work.  In  recent  years, 
however,  the  natural  cement  industry  has  shown 
a  remarkable  decline.  This  is  readily  explained 
by  improvements  in  American  machinery  and 
by  skilled  technical  supervision  of  the  processes 
of  manufacture,  which  have  resulted  in  the  pro- 
duction of  absolutely  reliable  Portlands;  by  the 
greater  adaptability  of  the  latter  to  construc- 
tions requiring  the  utmost  possible  strength; 
and  by  the  gradual  lowering  that  has  been 
effected  in  the  cost  of  Portland  cement.  Port- 
land cement  is  superseding  natural  almost  all 
along  the  line.  Statistics  show  that  the  manu- 
facture and  sale  of  natural  cement,  within  the 
last  five  or  six  years,  has  fallen  off  from  sixty  to 
eighty  per  cent.  In  1906,  for  example,  of  the 
total  production  of  all  kinds  of  cement,  amount- 
ing to  over  50,000,000  barrels,  valued  at  over 
$54,000,000,  only  3,935,275  barrels,  valued  at 
$2,362,140,  consisted  of  natural  cement;  and 
481,224  barrels,  valued  at  $412,921,  were  Poz- 
zuolana.  The  Portland  cement  industry,  on  the 
other  hand,  has  expanded  by  leaps  and  bounds; 
and,  as  before  intimated,  notwithstanding  its 
already  unprecedented  development,  the  future 
holds  out  the  promise  of  still  greater  attain- 
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ments  whose  possibilities  can  as  yet  be  but  dimly 
foretold. 

Slag  Cement  or  Pozzuolana 

The  use  of  slag  cement  dates  back  to  ancient 
times.  The  cement  used  by  the  Romans  was 
made  for  the  most  part  from  a  simple  mixture 
of  lime  and  volcanic  lava.  The  lava  first  used 
for  this  purpose  appears  to  have  been  obtained 
at  Pozzuoli,  a  village  lying  near  the  base  of  the 
volcano  Vesuvius.  For  this  reason  the  name 
Pozzuolana — or,  as  it  is  very  commonly  spelled, 
Puzzolan  cement — ^was  first  given  to  this  form 
of  cementing  material,  and  has  since  been  ex- 
tended so  as  to  include  all  forms  of  slag  cement 
which  are  made  without  calcining. 

In  Italy  and  some  other  parts  of  Europe, 
Pozzuolana  is  stiU  made  from  lava;  but  in 
America,  furnace  slag  is  used  instead.  This 
material  is  simply  mixed  mechanically  and  thor- 
oughly with  slaked  lime.  No  burning  is  re- 
quired, but  the  mixture  is  ground  exceedingly 
fine. 

In  chemical  composition,  slag  cement  con- 
sists of  a  combination  of  silica  and  alumina, 
mixed  with  hydrated  lime.  Like  Portland 
cement,  natural  cement,  and  hydraulic  lime,  it 
has  the  property  of  hardening  under  water;  but 
in  hardness  and  strength  it  falls  far  below  the 
standard  of  true  Portland  cement.  It  is  of  a 
pinkish  hue  in  color,  and  of  lower  specific  grav- 
ity than  Portland  cement.    It  is  not  used  to  any 
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great  extent  in  building  operations.  It  cannot 
be  depended  on  in  freezing  weather,  and  is  not 
well  adapted  for  dry  work  which  is  to  be  left 
exposed  above  ground  to  the  action  of  the 
atmosphere.  Its  principal  use  is  for  under- 
ground work  and  in  moist  locations.  Sea  water 
appears  to  affect  it  less  than  it  does  Portland 
cement;  and  for  that  reason  slag  cement  is 
sometimes  used  instead  of  Portland  in  cases 
where  large  masses  of  masonry  or  concrete  are 
to  be  deposited  under  sea  water,  and  where 
great  strength  is  not  the  prime  consideration. 

PORTLAND  CEMENT 

In  1908,  Portland  cement  was  manufactured 
in  at  least  twenty-five  of  the  forty-six  States  of 
the  Union.  The  raw  materials  used  by  the 
different  plants  vary  considerably,  so  that  no 
absolutely  universal  rule  can  be  laid  down  for 
the  selection  or  proportioning  of  the  ingredients 
from  which  Portland  cement  is  made.  It  is 
equally  impossible  to  give  any  exact  formula  for 
its  chemical  composition,  since  the  latter,  too, 
is  found  to  vary  through  a  considerable  range. 
Nor,  in  fact,  is  it  even  possible  to  give  a  defini- 
tion of  Portland  cement  which  will  invariably 
aiford  an  accurate  guide  as  to  its  physical  ingre- 
dients or  chemical  composition.  These  things 
are  not  secret  mysteries;  but  they  are  variable 
factors,  no  two  brands  being  exactly  the  same 
in  these  respects.  Thus,  Portland  cement  eludes 
all  attempts  to  reduce  it  to  the  uniformity  of  a 
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positive  chemical  formula  or  universal  standard 
of  composition. 

It  is  not  to  be  supposed  for  a  moment,  how- 
ever, that  a  true  Portland  cement  is  any  uncer- 
tain quantity  or  unworthy  of  implicit  confidence 
as  a  structural  factor.  Its  composition  may 
vary,  and  does  vary;  but  that  is  immaterial. 
From  the  structural  point  of  view,  the  important 
thing  is  that  the  cement,  and  the  concrete  made 
from  it,  shall  meet  certain  requirements  as  to 
strength,  durability,  constancy  of  volume,  fire 
resistance,  etc.;  and  in  these  respects,  not  only 
can  Portland  cement  be  manufactured  with  such 
perfection  as  to  conform  to  all  the  positive 
standards  that  experience  has  shown  to  be  de- 
sirable; but  in  construction  work — especially 
where  failure  would  involve  great  destruction 
to  property  and  possibly  to  human  life — ^it 
should  be  the  invariable  practice  to  make  assur- 
ance doubly  sure  by  careful  testing,  to  see  that 
the  particular  brand  of  cement  whose  use  is  pro- 
posed does  actually  come  up  to  standard  require- 
ments in  every  respect. 

What  Portland  Cement  Is.  So  far,  then,  as 
it  is  possible  to  give  an  accurate  definition,  Port- 
land cement  may  be  defined  as  any  cement 
which,  on  being  tested,  will  manifest  the  char- 
acteristic properties  that  engineers  have  agreed 
to  associate  with  the  name  "Portland,"  and 
w;hich  will  meet  the  requirements  that  have  been 
accepted  as  standard.  If,  for  example,  from 
even  such  unpromising  material  as  eggshells 
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and  street  sweepings,  a  product  could  be  ob- 
tained which  would  pass  all  the  standard  tests, 
it  would  be  fully  entitled  to  be  called  a  "Port- 
land cement." 

Raw  Materials.  As  a  matter  of  fact,  how- 
ever, the  ingredients  from  which  true  Portland 
cements  can  be  manufactured,  although  very 
widely  distributed  in  nature,  appear  to  include 
only  a  comparatively  limited  list.  In  the  main, 
they  comprise  calcareous  or  limey  materials, 
argillaceous  and  siliceous  materials,  and  blast- 
furnace slag,  with  minor  accessory  materials 
added  for  the  purpose  of  regulating  the  activity 
of  the  product. 

The  forms  of  calcareous  matter  generally 
used  are  three  in  number — limestone,  chalk,  and 
marl — each  of  which  must  contain  the  requisite 
amount  of  lime;  for  about  sixty  per  cent,  or 
nearly  two-thirds  by  weight,  of  all  Portland 
cement  consists  of  this  ingredient.  Limestones 
are  found  almost  everywhere.  Chalk  and  marl 
are  forms  of  limestone,  usually  of  a  purer  cal- 
cium content  than  the  ordinary  ''limestone"  so 
called.  Marl  is  a  finely  powdered  substance 
usually  found  at  the  bottom  of  lakes  or  in 
swamps,  having  been  deposited  there  by  the 
action  of  water;  and  consists  almost  entirely 
of  pure  carbonate  of  lime.  It  is  dredged  out  of 
its  bed  or  mixed  with  water,  and  pumped  into 
tanks  for  future  use,  being  employed  in  what 
is  known  as  the  "wet  process"  of  cement 
making. 
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Clay,  shale,  and  slate  are  used  for  the  silica, 
alumina,  and  iron  contents  of  the  cement;  and 
blast-furnace  slag  is  also  used  for  this  purpose. 

In  physical  form,  Portland  cement  is  an 
exceedingly  fine  powder,  ordinarily  of  a  dull 
bluish  or  greenish  gray  tint,  though  brands  of 
pure  ''white"  Portland  are  now  also  made. 

Manufacturing  Processes.  Portland  cement 
is  obtained  by  first  grinding  and  mixing  to- 
gether, in  carefully  determined  proportions,  the 
principal  raw  ingredients,  then  heating  the  mix- 
ture to  a  temperature  at  which  melting  begins 
(2,000°  to  4,000°  P.),  and  finally  grinding  the 
resulting  cement  clinker  to  an  impalpable  pow- 
der, a  small  percentage  (not  over  three  per  cent) 
of  gypsum  or  other  material  being  subsequently 
added  in  some  instances,  to  retard  the  setting  or 
otherwise  regulate  the  activity  of  the  product. 

The  degree  of  fineness  to  which  the  clinker 
is  ground  has  an  important  bearing  on  the 
strength  of  the  cement.  The  finer  the  cement, 
the  higher  the  test  it  will  stand,  both  in  tension 
and  in  compression.  The  extreme  degree  of 
fineness  considered  necessary  for  the  best  results 
may  be  seen  from  the  fact  that  in  the  case  of  one 
of  the  leading  American  brands  of  Portland 
cement,  the  manufacturers  guarantee  that  95 
per  cent  of  their  product  will  pass  through  a 
sieve  having  10,000  meshes  to  the  square  inch, 
and  80  per  cent  through  a  sieve  having  40,000 
meshes  to  the  square  inch. 

In  addition  to  the  characteristic  properties 
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developed  under  test,  as  explained  later,  a 
feature  that  distinguishes  Portland  from  all 
other  cements  is  the  accurate  and  wholly  arti- 
ficial proportioning  and  mixing  of  its  raw  ingre- 
dients. All  the  Portland  cement  mills  have 
chemists  in  charge  of  laboratories,  who  deter- 
mine the  proportions  of  the  materials  that  are 
being  used  from  day  to  day,  and  thereby  main- 
tain a  standard  of  mixture  as  nearly  perfect  as 
possible. 

Another  distinguishing  feature  of  Portland 
cement  is  the  intense  heat  necessary  in  calcining 
the  pulverized  raw  materials,  as  compared  with 
the  temperatures  which  are  found  sufficient 
in  the  manufacture  of  the  so-called  *' natural" 
cements. 

In  the  mixing  of  the  materials  for  Portland 
cement,  two  processes  are  used — the  wet  and  the 
dry — depending  on  the  amount  of  water  pres- 
ent. Where  marl  is  the  calcareous  ingredient, 
the  **wet"  mix  is  almost  invariably  employed. 
In  either  case,  the  materials  are  first  crushed 
and  mixed,  and  then  finely  ground,  whereupon 
they  are  ready  to  be  passed  to  the  calcining 
kilns. 

The  Rotary  Kiln.  In  the  early  days  of  the 
Portland  cement  industry,  a  simple,  vertical 
kiln  like  those  used  for  lime  burning  was  used. 
This  type  of  kiln,  however,  while  fairly  efficient 
as  to  fuel  cost,  required  too  much  labor,  and  the 
output  was  small.  The  result  was  the  develop- 
ment of  the  rotary  or  revolving  kiln,  which 
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is  the  type  of  kiln  universally  used  at  the 
present  day. 

The  rotary  kiln  was  evolved  only  after  much 
experiment.  As  at  first  perfected,  it  was  ap- 
plicable only  to  ''dry"  mixtures,  and  fuel  oil 
and  gas  were  the  only  fuels  that  could  be  used. 
Rotary  kilns  are  now,  however,  used  for  cal- 
cining both  "wet"  and  **dry"  mixtures;  and  in 
many  cases  powdered  coal,  blown  in  by  forced 
air-blast,  is  employed  as  fuel.  In  the  making 
of  "white"  Portlands,  an  oil  or  gas  flame  is  still 
used,  in  order  to  avoid  staining  the  product. 

The  rotary  kiln  consists  of  a  steel  cylindrical 
tube,  five  to  eight  feet  in  diameter.  It  is  lined, 
except  at  its  upper  end,  with  a  highly  resistant 
firebrick,  to  withstand  both  the  high  temper- 
atures generated  and  the  destructive  action  of 
the  molten  clinker.  Its  length,  for  "dry"  mate- 
rials, is  60  to  150  feet;  and  for  "wet,"  80  feet 
or  longer.  In  its  moimting,  the  tube  is  set  with 
one  end  higher  than  the  other,  so  as  to  give  it 
a  gentle  incline — about  one-half  inch  to  the  foot. 
It  is  mounted  on  geared  bearings  which  revolve 
it  slowly  on  its  axis.  The  fire  is  applied  at  the 
lower  end.  The  mixture  of  the  raw  materials  is 
fed  in  at  the  upper  end;  is  heated  to  the  melting 
point  (2,000°  to  4,000°  F.)  as  it  passes  slowly 
down  the  tube;  and  is  discharged  as  cement 
clinker  at  the  lower  end,  being  then  ready  to 
pass  to  the  final  grinding. 

It  was  the  development  of  the  rotary  kiln 
that  rendered  possible  the  very  great  increase 
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in  the  annual  production  of  Portland  cement 
that  has  been  recorded  since  the  early  nineties; 
and  to  it,  also,  in  large  measure,  may  be  attrib- 
uted that  marked  improvement  in  the  quality 
of  the  product  which  has  compelled  the  world 
to  acknowledge  that  the  leading  brands  of 
American-made  Portland  cement,  in  point  of 
quality,  are  superior  to  all  others  manufactured 
at  the  present  day. 

While  the  fundamental  processes  in  the  man- 
ufacture of  Portland  cement  are  essentially  the 
same  for  the  various  brands,  there  may  be  minor 
differences  among  the  different  plants  in  the 
details  of  machinery,  methods  of  handling,  etc., 
depending  on  the  location  and  arrangement  of 
the  plant,  the  particular  kind  of  raw  material 
used,  etc.  ' '  Atlas ' '  cement,  for  example,  is  made 
from  cement  rock  and  limestone;  '' Berkshire 
Snow  White,"  from  white  marble  and  clay; 
** Buckeye,*'  from  Maryland  clay;  ** Chicago 
A  A, "  from  rock  and  clay ;  ^  *  Lehigh, ' '  from  marl 
and  limestone;  '* Universal,"  from  limestone 
and  granulated  blast-furnace  slag  from  the 
Bessemer  furnaces  of  the  Illinois  Steel  Com- 
pany; "Vulcanite,"  from  cement  rock  (Trenton 
limestone  or  argillaceous  limestone)  and  car- 
bonate of  lime;  etc. 

A  description  of  the  working  of  a  Portland 
cement  plant — which,  with  minor  differences  of 
detail,  may  be  considered  as  a  tjrpical  example — 
is  given  by  one  of  the  leading  American  manu- 
facturers as  follows: 
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"Large  bins  approached  by  elevated  tracks  at  one 
end  of  the  raw  material  mill,  provide  the  storage  room 
for  the  raw  material.  From  these  bins,  the  limestone  is 
fed  directly  into  gyratory  crushers,  which  prepare  it  for 
the  driers,  into  which  the  stone  then  enters.  The  slag  is 
also  fed  into  separate  driers,  all  of  which  are  maintained 
at  a  sufficiently  high  temperature  to  drive  off  all  the 
moisture.  After  passing  through  the  driers,  each  of  the 
raw  materials  is  conveyed  into  separate  revolving  ball 
mills,  where  the  rolling  and  impact  of  forged  steel  balls 
reduces  them  to  extreme  fineness.  The  two  materials 
are  then  carried  to  separate  hoppers,  from  which  they 
are  drawn  off  and  properly  proportioned  by  electrically 
operated  weighing  devices.  The  mixture  of  slag  and 
limestone,  already  a  powder,  is  then  passed  into  the  tube 
mills  where  flint  pebbles  rolling  in  a  steel  drum  thor- 
oughly mix  it  and  complete  the  process  of  pulverization. 

"The  next  step  is  the  calcination  of  this  raw  mixture 
in  rotary  kilns.  Leaving  the  rotary  kilns,  the  clinker 
produced  by  the  burning  is  dropped  into  storage  pits, 
where  it  is  cooled  and  cured.  Electrically  operated  cranes 
then  carry  the  clinker  to  the  finishing  mill,  where  it  is 
passed  through  jaw  crushers  to  Kent  mills,  and  then  over 
Newaygo  separators.  After  the  addition  of  a  certain 
quantity  of  gypsum,  which  is  done  by  means  of  an  auto- 
matic device,  the  material  again  passes  through  the  tube 
mills  similar  to  those  used  in  finishing  the  raw  material. 
Being  now  ground  to  a  specified  degree  of  fineness,  the 
cement  passes  on  to  a  belt  conveyor,  and  is  distributed 
into  the  various  bins  of  the  storage  house. 

"The  cement,  in  passing  from  the  finishing  mill  into 
the  storage  house,  is  automatically  sampled,  from  which 
samples  the  various  tests  for  quality  are  made  in  the 
laboratory." 

From  the  above  descriptions  of  the  raw 
materials  and  the  processes  of  manufacture,  the 
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reader  will  be  able  readily  to  grasp  the  fidl  sig- 
nificance of  the  following  ** official*'  definitions 
of  Portland  cement : 

As  defined  by  the  American  Society  for  Test- 
ing Materials,  Portland  cement  is: 

"The  finely  pulverized  product  resulting  from  the  cal- 
cination to  incipient  fusion,  of  an  intimate  mixture  of 
properly  proportioned  argillaceous  and  calcareous  ma- 
terials, and  to  which  no  addition  greater  than  3  per  cent 
has  been  made  subsequent  to  calcination." 

As  specified  by  the  United  States  Govern- 
ment (Board  of  Engineers,  U.  S.  A.,  "Profes- 
sional Papers, *'  No.  28),  Portland  cement  is: 

"The  product  obtained  from  the  heating  or  calcining 
up  to  incipient  fusion,  of  intimate  mixtures,  either  natural 
or  artificial,  of  argillaceous  with  calcareous  substances, 
the  calcined  product  to  contain  at  least  1.7  times  as  much 
of  lime,  by  weight,  as  of  the  materials  which  give  the 
lime  its  hydraulic  properties,  and  to  be  finely  pulverized 
after  said  calcination;  and  thereafter  additions  or  sub- 
stitutions, for  the  purpose  only  of  regulating  certain 
properties  of  technical  importance,  to  be  allowable  to  not 
exceeding  2  per  cent  of  the  calcined  product." 

It  will  be  seen  that  no  absolute  standard  for 
the  chemical  composition  of  Portland  cement 
can  be  formulated.  A  good  commercial  Port- 
land cement,  however,  will  conform  approxi- 
mately to  the  following  chemical  analysis: 

Lime  (Ca  0) — 57  to  65  per  cent. 
Silica  (Si  Oj)— 21  to  24  per  cent. 
Alumina  (Alj  O3) — 6  to  8  per  cent. 
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Sulphuric  acid,  anhydrous  (SO3) — 0.5  to  2  per  cent. 
Oxide  of  Iron  (Fcj  O3) — 2  to  4  per  cent. 
Magnesia  (Mg  O) — 1  to  4  per  cent. 
Water  and  carbolic  acid — 1  to  3  per  cent. 
Sulphur,  as  sulphides — None. 

A  close  study  of  the  chemical  constituents  of 
Portland  cement  reveals  the  reason  for  the  re- 
markable durability  of  the  concrete  produced 
from  it.  The  products  resulting  from  the  hydra- 
tion of  a  standard  Portland  cement  are  in  no 
way  responsive  to  the  oxidizing  and  reducing 
gases  of  the  air  which  are  active  in  the  rotting 
of  wood  or  the  corrosion  of  steel  and  metal 
structm'es.  When  hydration  is  complete,  and 
the  molecules  have  established  normal  equilib- 
rium, the  products  represent  compounds  of  the 
highest  stability.  If  the  cement  is  of  poor 
quality,  disintegration  may  result  from  some 
interior  agency;  but  this  is  never  manifest  in 
a  well-proportioned  and  well-manufactured 
product. 

Portland  cement  is  packed  for  shipment  in 
paper  bags,  cloth  sacks,  or  wooden  barrels.  The 
cloth  sack  gives  the  most  conveniently  handled 
package  for  the  average  user.  It  costs  a  little 
more  than  the  others,  but  this  is  offset  by  a 
rebate  allowed  for  the  return  of  the  empty 
sacks.  The  bags  must  be  kept  dry  and  untorn, 
and  returned  by  freight  exactly  as  directed  by 
the  cement  company.  Paper  bags  are  easily 
torn,  and  cause  a  big  percentage  of  loss,  espe- 
cially on  small  jobs  where  any  carrying  has  to 
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be  done.  Barrels  are  too  bulky  to  be  handled 
easily,  and  are  too  large  a  unit  for  measuring. 

The  weight  of  the  shipping  units  of  cement 
varies  slightly;  but  in  general,  a  paper  or  cloth 
bag  contains  95  lbs.  of  cement,  and  four  such 
bags  make  a  barrel  of  380  lbs. 

Storage  of  Cement.  Since  cement  readily 
absorbs  moisture  from  the  atmosphere,  becom- 
ing lumpy  or  even  a  solid  mass — in  which  con- 
dition it  is  worthless  and  must  be  discarded — ^it 
must  be  stored  in  a  dry  place.  If  an  attempt  is 
made  to  break  up  lumpy  cement  and  use  it,  it 
will  be  found  to  have  lost  most  of  its  adhesive 
power  and  hardening  qualities,  and  so  to  have 
lost  the  greater  part  of  its  strength  and  value 
as  a  building  material. 

In  the  store-room,  the  cement  should  not  be 
piled  directly  on  the  floor.  Blocks  should  be 
laid  on  the  floor,  and  planks  placed  over  them, 
thus  providing  a  platform  slightly  raised  above 
the  store-room  floor.  On  this  platform,  the 
cement  should  be  piled,  and  a  covering  of  canvas 
or  roofing  paper  should  be  thrown  over  the  pile. 

If  properly  stored,  where  there  is  no  absorp- 
tion of  moisture  sufficient  to  harden  it,  Portland 
cement  can  be  carried  from  one  season  to  an- 
other without  deterioration.  Some  makes,  in 
fact,  have  shown  improvement.  Long  storage 
of  cement  tends  to  retard  its  setting,  though  not 
preventing  its  ultimate  acquisition  of  full  hard- 
ness and  strength. 
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Setting  and  Hardening.  When  cement  is 
ready  to  be  used,  and  is  mixed  with  a  sufficient 
amount  of  water  to  bring  it  to  a  paste,  it  soon 
loses  its  plastic  nature,  and  finally  reaches  a 
point  at  which  it  can  no  longer  be  disturbed 
without  producing  a  rupture.  This  change  of 
condition  is  known  as  setting,  and  should  be  dis- 
tinguished from  the  hardening  of  the  mixture. 
Setting  is  usually  complete  within  a  few  hours, 
whereas  hardening  may  continue  for  months  or 
even  years.  A  further  distinction  is  made  be- 
tween initial  setting  and  final  setting.  The  time 
required  for  setting  will  depend  largely  on 
atmospheric  and  weather  conditions,  as  setting 
proceeds  more  slowly  in  cold  weather  than  in 
warm.  The  initial  set  generally  takes  place 
within  thirty  minutes,  and  final  setting  within 
four  to  five  hours. 

General  Requirements.  The  general  require- 
ments of  a  good  Portland  cement  may  be  very 
briefly  stated  thus:  The  final  set  should  take 
place  within  a  few  hours  after  mixing.  The 
cement  should  have  a  certain  tensile  and  com- 
pressive strength,  and  a  considerable  part  of 
its  ultimate  strength  should  be  developed  within 
a  few  days.  Age  should  bring  no  deterioration 
or  loss  of  strength  in  the  concrete  made  from  the 
cement,  but  rather  an  increase  of  strength.  And 
even  under  conditions  of  moisture  and  temper- 
ature far  more  severe  than  any  that  are  ever 
likely  to  be  met,  the  cement  should  demonstrate 
a  quality  of  permanency;  that  is,  the  tendency 
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to  shrink  or  swell  or  be  distorted  or  disintegrate 
should  be  so  small  as  to  be  a  negligible  quantity. 
The  possession  or  lack  of  these  requisite 
qualifications  on  the  part  of  any  particular 
brand  or  shipment,  can  be  determined  only  by 
a  thorough  testing. 

Keene's  Cement 

Keene's  cement  is  a  special  form  of  gypsum 
plaster  which  has  certain  unique  and  valuable 
properties.  It  is  much  harder  than  ordinary 
gypsum  plaster,  will  take  a  good  polish,  and  can 
be  washed  with  damp  cloths  without  injury. 
For  these  reasons  it  is  often  used  for  wainscot- 
ing, column  coverings,  casts,  mouldings,  etc., 
intended  for  places  of  unusual  exposure,  com- 
mon gypsum  plaster  being  hard  enough  for  all 
ordinary  conditions.  Hydrate d  lime  is  often 
present  in  the  American  product,  but  imported 
Keene's  cement  is  generally  pure. 

This  form  of  cement  is  made  by  saturating 
lump  gypsum  which  has  been  subjected  to 
intense  heat,  in  a  solution  of  one  part  alum  to 
thirteen  parts  water.  The  rock  so  treated  is 
ground,  then  treated  again  with  the  same  alum 
solution,  and  finally  ground  again. 

CONCRETE  AGGREGATES 

While  cement,  in  concrete  construction,  is  a 
very  important  element,  nevertheless  the  other 
materials  with  which  it  is  combined,  and  the 
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manner  of  proportioning,  mixing,  and  depositing 
them,  are  also  factors  of  prime  importance,  and 
should  be  submitted  to  the  same  carefulness  of 
inspection,  preliminary  testing,  and  intelligent 
supervision  of  competent  authority  as  may  be 
required  of  the  cement  itself. 

The  solid  materials  which  are  mixed  with 
cement  and  water  to  form  mortar  and  concrete, 
are  known  under  the  common  name  of  Aggre- 
gates. The  substances  chiefly  used  as  aggregates 
are  sand,  crushed  stone,  and  gravel.  The  stone 
may  range  from  hard  trap  rock  and  granites  to 
the  weaker  and  more  porous  varieties  of  sand- 
stone, etc.;  and  the  list  of  available  materials 
includes  also  shells,  slate,  shale,  cinders,  slag, 
crushed  lava,  broken  brick,  metal  filings,  and — 
for  *^pulp"  concrete — sawdust. 

A  fairly  good  concrete  can  be  made  with 
almost  any  mineral  aggregate,  provided  enough 
cement  is  used.  In  order,  however,  to  save 
cement,  reduce  cost,  and  at  the  same  time  secure 
the  best  results,  it  is  exceedingly  important  that 
the  concrete  worker  know  how  to  select  the  best 
aggregates  for  the  work  in  hand,  and  how  to 
determine  the  proper  proportions  to  use  of  fine 
and  coarse  ingredients. 

Selecting  Aggregates 

In  the  first  place,  an  aggregate  for  any  kind 
of  work  should  be  clean.  Dirt  is  a  sign  of  weak- 
ness. Any  foreign  substance,  such  as  mud  or 
clay,  forming  a  coating  on  the  particles  of  the 
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aggregate,  prevents  the  cement  from  coming  into 
contact  with  the  surface,  and  lowers  the  cohesive 
strength  of  the  concrete,  or  its  power  to  hold 
itself  together.  It  may  also  seriously  retard 
the  setting.  A  loss  of  15  to  20  per  cent  in 
strength  may  be  caused  by  the  use  of  a  dirty 
aggregate. 

Coarse  aggregates  can  be  cleaned  by  spread- 
ing them  on  an  inclined  plane,  turning  a  hose  on 
the  pile,  and  allowing  the  water  to  carry  away 
the  impurities.  Fine  aggregates  can  also  be 
cleaned  in  a  similar  way,  by  spreading  on  an 
inclined  platform  in  a  layer  3  or  4  inches  deep, 
and  washing  gently  with  a  %-inch  hose  from  the 
high  end  of  the  platform.  Pieces  of  board  pro- 
jecting up  about  4  inches  above  the  face  of  the 
platform,  should  be  nailed  around  its  edges  to 
confine  the  sand,  the  water  being  allowed  to  flow 
over  the  top  of  the  board  nailed  across  the  low 
end.  A  small  quantity  of  clay  or  loam  will  not 
injure  the  sand,  but  any  amount  over  5  per  cent 
should  be  washed  out. 

On  a  very  small  job,  the  sand  may  be  cleaned 
by  stirring  up  in  water  in  pails  or  barrels,  and 
pouring  or  drawing  off  the  water  while  the  dirt 
is  stUl  in  suspension. 

It  may  sometimes  be  advisable  to  use  the 
aggregate  that  is  nearest  at  hand,  and  to  depend 
for  results  on  an  extra  amount  of  cement.  A 
natural  bank  of  sand  and  gravel,  for  example, 
may  be  located  near  the  work,  giving  an  abun- 
dant supply  of  aggregate  at  a  cost  of  very  little 
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more  than  the  labor  required  to  get  it  out.  If 
the  structure  is  to  be  a  small  one  or  of  compara- 
tively slight  importance — say,  a  culvert — and 
particularly  if  the  cost  of  Portland  cement  is 
low,  the  above  coiu-se  is  the  proper  one  to  follow. 
But  in  the  case  of  large  or  important  structures 
such  as  buildings  and  bridges,  or  where  special 
products  such  as  concrete  blocks  or  brick  are 
being  manufactured,  the  aggregates  and  cement 
should  be  selected  and  proportioned  with  the 
greatest  care,  to  insure  uniformity  and  reliabil- 
ity of  results. 

In  the  selection  of  aggregates,  it  is  well  to 
bear  in  mind  that  the  object  is  to  make  a  mixture 
in  which  all  the  voids  or  spaces  between  the 
particles  shall  be  filled.  The  voids  in  the  stone 
or  gravel  should  be  filled  by  the  sand,  and  the 
voids  in  the  sand  should  be  filled  by  the  cement 
paste.  This  result  is  secured  by  varying  the  pro- 
portions of  coarse  and  fine  material.  Since  a 
perfect  filling  of  the  voids  is  rarely  if  ever 
attained,  it  is  well  to  use  a  little  more  sand  and 
a  little  more  cement  than  would  be  just  enough 
to  fill  them. 

The  volume  of  concrete  will  not  be  equal  to 
the  combined  volumes  of  the  cement  and  aggre- 
gates, but  will  be  considerably  less,  because  the 
finer  particles  hide  themselves,  as  it  were,  in  the 
spaces  within  the  mass  of  the  coarser  particles. 
In  this  way,  the  pile  of  concrete  resulting  from 
a  mixture  of  cement,  sand,  and  gravel  will  be 
only  slightly  larger  than  the  original  pile  of 


SAND    SCREENED    FROM    NATURAL    GRAVEL    OF 
GLACIAL  ORIGIN. 


Reproduced  at  actual  size. 


LIMESTONE   SCREENINGS   FROM   CRUSHER. 


LIMESTONE   SCREENINGS  SEPARATED  FROM 
CRUSHER-RUN   MATERIAL  BY 
14-INCH  SCREEN. 


Plath  2 — Materials  and  Manufacture  of  Concrete. 


"PERFECTECON"  SEPARATOR. 

For  grading  and  separating  sand,  gravel,  and 
crushed  stone.  Lower  cut  sliows  back  open  and 
bottom  let  down.     For  description,  see  page  259. 
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gravel.  Six  barrels  of  gravel,  three  of  sand,  and 
one  of  cement,  for  example,  will  not  give  ten 
(1+3+6)  barrels  of  concrete,  but  will  give  only 
a  little  more  than  six  barrels. 

The  volume  or  yield  of  the  concrete  affords, 
in  fact,  one  method  of  determining  the  best  pro- 
portions of  aggregates.  If  the  proportion  of 
cement  is  kept  the  same,  that  mixture  of  coarse 
and  fine  aggregates  will  be  the  best  which  will 
give  the  smallest  volume  of  concrete  from  a  cer- 
tain weight  of  aggregate.  This  test  is  called  the 
yield  or  volumetric  test,  and  gives  a  rough  but 
very  quick  and  convenient  indication  of  the  rela- 
tive density  and  strength  of  the  concrete  result- 
ing from  different  mixtures  of  aggregates.  The 
smaller  the  volume,  the  greater  density  and 
strength,  and  the  better  the  quality  of  the  con- 
crete. 

There  is  the  closest  relation  between  the 
density  and  the  strength  of  concrete.  Even  a 
slight  increase  in  weight  per  cubic  foot  will  add 
very  decidedly  to  the  strength.  In  this  connec- 
tion the  importance  of  the  coarser  aggregates 
cannot  be  too  strongly  insisted  upon.  The  use 
of  coarse  material  is  essential  to  density,  since 
coarse  material  contains  the  smallest  amount  of 
voids.  Different  kinds  of  sand,  gravel,  and  stone 
vary  greatly  in  the  extent  of  their  voids;  and  by 
judiciously  mixing  coarse  and  fine  materials,  the 
voids  may  be  much  reduced,  and  the  weight  and 
density  of  the  concrete  increased.  The  follow- 
ing figures  illustrate  how  voids  may  be  reduced 
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and  weight  increased  by  mixing  fine  and  coarse 
materials: 

Pke  Cent  Weight  pub 

Voids  Cubic  Foot 

Pebbles,  about  1  inch 38.7  101.2  lbs. 

Sand,  30  to  40  mesh 35.9  105.8  " 

Pebbles  mixed    with    sand,  the 

sand  being  38.7  per  cent  of  the 

volume  of  the  pebbles,  or  just      19.2  133.5  ** 

enough  to  fill  the  voids. 

If  sand  be  screened  so  as  to  take  out  the 
coarse  grains,  the  voids  will  be  increased  and 
the  weight  reduced,  thus  injuring  the  sand  for 
making  concrete.  Strength  may  be  improved 
by  adding  coarse  material,  even  though  the  pro- 
portion of  cement  is  thereby  reduced.  This  has 
been  repeatedly  shown  by  experiment.  A  mix- 
ture of  cement  and  sand  alone  will  form  a  rather 
weak  concrete,  especially  if  the  sand  is  fine.  By 
adding  gravel — say  about  twice  the  quantity  of 
gravel  that  there  is  of  sand,  or  a  little  more — a 
concrete  will  be  obtained  containing,  of  course, 
a  greatly  reduced  percentage  of  cement,  but  of 
greatly  increased  strength. 

In  selecting  aggregates  for  concrete,  then,  it 
may  be  laid  down  as  a  general  rule  that  those 
should  be  chosen  which  give  the  greatest  density. 
If  it  is  practicable  to  mix  two  materials,  as  sand 
and  gravel,  the  proportion  which  gives  the  great- 
est density  should  be  determined  by  experiment, 
and  rigidly  adhered  to,  whatever  may  be  the 
proportion  of  cement  it  is  decided  to  use.  Well- 
proportioned  dry  sand  and  gravel,  or  sand  and 
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broken  stone,  well  shaken  down,  should  weigh 
at  least  125  lbs.  per  cubic  foot.  Limestone 
screenings,  owing  to  minute  pores  in  the  stone 
itself,  are  somewhat  lighter,  though  they  may 
give  equally  strong  concrete.  They  should 
weigh  at  least  120  lbs.  per  cubic  foot.  If  the 
weight  is  less,  there  is  probably  too  much  fine 
dust  in  the  mixture. 

Selection  of  Sand.  For  a  rich  mortar — that 
is,  one  relatively  rich  in  cement — a  coarse  sand 
is  best.  For  a  lean  mortar,  a  small  admixture 
of  fine  sand  with  the  coarse  is  beneficial.  If  very 
fine  sand  is  the  only  kind  available,  the  mixture 
must  be  excessively  rich  in  cement,  and  a  smaller 
quantity  of  the  sand  in  proportion  to  the  gravel 
or  stone  may  be  used.  To  secure  great  density 
and  practical  water-tightness  of  concrete,  a 
larger  percentage  of  fine  grains  is  needed  than 
is  theoretically  necessary  for  maximum  strength. 
If  a  good,  coarse  sand  is  not  available,  almost 
any  size  of  sand  may  be  employed,  provided  a 
sufficient  proportion  of  cement  is  used;  though 
in  this  case,  tests  should  be  made  to  see  that  the 
mortar  or  concrete  sets  and  hardens  properly. 
There  is  one  exception,  however,  to  this  rule — 
namely,  in  the  case  of  concrete  to  be  laid  in  sea 
water,  where  fine  sand  must  never  be  used. 

To  choose  between  two  sands,  make  each  into 
a  mortar  with  cement  in  the  required  propor- 
tions; and  the  sand  producing  a  smooth  mortar 
having  the  smallest  volume  will  give  the  greatest 
strength. 
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Coarseness  and  cleanness  are  the  two  most 
important  characteristics  of  sand.  Sharpness — 
ascertained  by  examination  under  a  magnifying 
glass,  or,  more  simply,  by  the  gritty  "feeP'  of 
the  sand  when  rubbed  between  the  fingers — ^is 
sometimes  specified  as  a  necessary  requirement, 
but  is  rather  an  indication  of  cleanness  and 
purity,  showing  no  excess  of  fine  material,  than 
an  absolute  essential  of  strength;  for,  of  two 
sands  having  grains  of  the  same  size  and  con- 
taining the  same  amount  of  dust  or  fine  material, 
that  having  the  rounded  grains  will  give  the 
denser  and  stronger  mixture. 

A  sand  which  soils  the  hands  when  rubbed 
between  them,  or  which  has  little  of  the  gritty 
feeling,  should  not  be  used.  Another  method  of 
determining  whether  the  sand  is  clean  is  to  drop 
a  quantity  into  a  pail  of  clear  water.  If  the 
water  in  two  minutes  is  clear  enough  to  enable 
you  to  see  the  sand  at  the  bottom,  the  sand  is 
clean.  Still  another  method  is  to  put  some  of 
the  sand  into  a  fruit  jar  with  some  water,  shake 
well,  and  let  the  jar  stand  till  all  the  materials 
have  settled.  If  a  layer  of  mud  is  seen  over  the 
sand,  the  sand  is  not  clean,  and  should  not  be 
used.  A  small  percentage  of  dirt,  such  as  fine 
clay  or  other  mineral  matter,  is  not  necessarily 
harmful;  and  for  lean  mortar,  the  presence  of 
such  impurities — up  to,  say,  10  per  cent — may 
be  actually  beneficial.  For  rich  mixtures,  on  the 
other  hand,  an  excess  of  dirt  or  fine  material 
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spells  weakness,  and  setting  may  be  seriously 
delayed. 

The  presence  of  any  considerable  proportion 
of  mica  will  destroy  the  value  of  any  sand  for 
concreting  purposes.  Its  effect  is  more  injuri- 
ous upon  fine  sands  than  upon  coarse.  It  greatly 
increases  the  amount  of  voids,  and  the  smooth 
surfaces  of  the  mica  particles  do  not  permit  of 
a  good  bond  with  the  surrounding  cement. 

In  a  great  many  sections  of  the  country,  the 
sands  contain  so  much  mica  as  to  be  almost 
worthless.  The  coarser  sands  seldom  contain 
over  3  or  4  per  cent;  but  some  of  the  finer  sands, 
which,  at  best,  will  not  make  a  concrete  more 
than  one-third  as  strong  as  the  coarser,  contain 
10  to  12  per  cent  of  mica.  Tests  show  that  as 
mica  increases,  voids  increase,  weight  dimin- 
ishes, and  there  is  loss  of  strength  at  any  age 
of  the  mixture.  A  sand  containing  as  high  as 
20  per  cent  of  mica,  will  have  67  per  cent  of 
voids,  will  require  three  times  the  amoimt  of 
water  for  mixing  that  sand  without  mica  would 
require,  and  will  show  a  decrease  of  20  per  cent 
in  weight,  and  a  loss  of  two-thirds  in  the  strength 
of  the  mixture. 

The  weight  of  sand  is  to  some  extent  an  indi- 
cation of  its  quality.  A  heavy  sand  is  generally 
denser,  and  therefore  better,  than  a  light  sand, 
as  it  ordinarily  indicates  coarseness  and  good 
grading  of  particles,  with  correspondingly  low 
percentage  of  voids.    This,  however,  is  a  very 
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unsafe  guide  to  follow,  on  account  of  the  fact 
that  the  presence  of  moisture  may  cause  as  much 
as  20  per  cent  variation  in  weight,  and  fine  sands 
require  more  water  than  coarse. 

Tests  made  by  Mr.  Sanford  E.  Thompson  on 
a  certain  natural  sand,  showed  38  per  cent  of 
voids  in  the  sand  when  dry,  and  52  per  cent  in 
the  same  sand  when  moist.  The  dry  sand  aver- 
aged 103  pounds  to  the  cubic  foot;  but  after 
being  wet  by  rain,  allowed  to  drain  for  two  days, 
and  then  shoveled  into  a  measure  and  weighed 
in  exactly  the  same  way,  it  averaged  only  83 
pounds.  This  author  therefore  lays  but  little 
stress  on  the  determination  of  voids  in  the  sand, 
preferring  to  make  the  determination  after  the 
sand  has  been  mixed  with  cement.  That  sand 
which,  with  the  same  percentage  of  cement, 
shows  the  lowest  total  proportion  of  voids,  both 
of  air  and  of  water,  and  consequently  gives  the 
heaviest  and  densest  mixture,  is  the  best. 

No  absolute  statement  can  be  made  as  to  the 
value  of  sand  as  compared  with  crushed  stone 
screenings.  Here  also,  aside  from  the  quality  of 
the  stone  itself,  a  proper  grading  of  coarse  and 
fine  particles  is  of  prime  importance.  In  some 
cases,  the  strength  of  the  mixture  is  greatly 
added  to,  because  of  the  screenings  themselves 
having  a  certain  degree  of  hydraulic  activity. 

Natural  sand  or  screenings  usually  contain 
sufficient  fine  material  for  rich  mortars,  such  as 
1  : 1,  1  : 2,  or  1  : 2%  (that  is,  where  the  sand  or 
screenings  do  not  exceed  two  and  a-half  times 
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the  volume  of  cement) ;  but  for  leaner  mixtures, 
such  as  1  : 3,  1  : 4,  or  1  : 5,  an  addition  of  fine 
particles  is  of  advantage  by  assisting  the  cement 
to  fill  the  voids. 

It  is  better  to  err  on  the  side  of  coarseness 
than  of  fineness,  for,  other  things  being  equal, 
a  coarse  sand  will  give  a  denser  and  stronger 
concrete  or  mortar;  but  a  judicious  proportion- 
ing of  the  fine  and  the  coarse  will  insure  the  best 
results  all  around;  and,  in  the  case  of  water- 
tight work,  it  seems  to  be  the  preferred  practice 
to  make  a  slight  sacrifice  of  the  theoretical 
requirements  of  strength,  by  increasing  the  pro- 
portion of  fine  material — except,  as  already 
noted,  in  the  case  of  concrete  to  be  deposited 
under  sea  water. 

The  importance  of  a  careful  grading  of  dif- 
ferent-sized aggregates  as  affecting  the  strength 
of  concrete,  is  graphically  illustrated  in  the 
samples  of  natural  bank  sand  and  gravel  and 
limestone  screenings  shown  respectively  in 
Plates  1  and  2.  The  samples  are  photographed 
and  reproduced  at  actual  size. 

In  Plate  1,  both  samples  (A  and  B)  were 
taken  from  the  same  natural  bank  of  sand  and 
gravel  of  glacial  origin,  at  Attica,  Indiana.  They 
differ  only  in  the  size  of  the  grains,  due  to 
screening;  and  give,  in  a  general  way,  a  fairly 
correct  idea  of  the  appearance  of  a  well-graded 
sand.  A,  the  finer  sample,  contained  34  per  cent 
of  voids;  B,  the  coarser,  26.9  per  cent.  When 
made  up  into  a  1  : 3  mortar — that  is,  1  part 
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cement  to  3  parts  aggregate — the  mortar  from 
the  coarser  material,  in  one  year,  developed  a 
compressive  strength  of  7,750  lbs.  per  square 
inch,  whereas  the  finer  material  gave  a  mortar 
having  a  compressive  strength  of  only  4,475  lbs. 
per  square  inch — a  difference  in  strength  of  over 
70  per  cent  in  favor  of  the  coarser  material. 

A  similar  relative  superiority  of  coarse  as 
compared  with  fine  material,  is  shown  by  the 
samples  of  limestone  screenings  illustrated  in 
Plate  2.  Sample  A  was  taken  from  a  crushing 
plant  near  St.  Louis,  Mo.,  and  shows  a  screening 
in  which  the  grading  is  not  at  all  imiform.  Sam- 
ple B  came  from  a  plant  at  Greenfield,  Ohio,  and 
represents  the  screenings  separated  from  the 
crusher-run  material  by  a  i^-inch  screen;  and 
it  will  be  noted  that,  with  the  exception  of  the 
large  proportion  of  fine  material,  the  screenings 
are  very  well  graded.  Sample  A  contained  42.1 
per  cent  of  voids;  B,  37.5  per  cent.  B  gave  a 
1  : 3  mortar  having  a  compressive  strength,  at 
one  year,  of  8,500  lbs.  to  the  square  inch,  as  com- 
pared with  only  4,908  lbs.  per  square  inch  for  A. 
Here,  again,  the  difference  in  strength  was  over 
70  per  cent  in  favor  of  the  coarser  screenings, 
showing  that  a  large  proportion  of  fine  particles 
is  detrimental  to  strength. 

The  relative  percentage  of  voids  in  two  mate- 
rials, one  of  uniform  size  and  shape,  and  the 
other  of  irregular  size  and  shape,  is  clearly 
shown  by  comparing  the  gravel  of  Sample  B, 
Plate  1,  with  a  mass  of  round  shot  of  uniform 
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size.  In  the  irregular  gravel,  the  voids  equal 
26.9  per  cent,  while  in  the  shot  they  equal  47.6 
per  cent.  That  is  to  say,  there  will  be  nearly 
twice  the  space  in  gravel  to  fill  with  cement  if 
the  particles  are  round  and  all  the  same  size. 

Testing  Sand.  Tests  made  by  M.  Rene  Feret, 
a  French  engineer,  with  mortar  made  from  dif- 
ferent natural  sands,  showed  great  variation  in 
strength,  due  merely  to  the  different  degrees  of 
fineness  in  the  various  sands.  He  used  a  mix- 
ture of  1  :  214  by  weight — that  is,  1  part  Port- 
land cement  to  2I/2  parts  sand.  At  the  age  of 
five  months,  the  mortars  made  from  the  vari- 
ous sands  showed  varying  degrees  of  tensile 
strength,  in  every  case  favoring  the  coarser 
material;  and  in  compressive  strength,  the  dif- 
ferences were  even  more  marked.  The  results 
are  shown  in  Table  III. 

TABLE  m 
Effects  of  Fineness  of  Sand  on  Strength  of  Portland  Cement  Mortar 

Age  of  Mortar,  Five  Montbs 


Mortar  Made  from 

Tensile  Strength 

CoMPRESsiTK  Strength 

Coarse  Sand 
Medium    " 
Pine 

421  lbs.  per  so.  in. 
m   "      "  ^   " 
302 

5.200  lbs.  per  sa.  in. 

3.400 

1.900 

Similar  tests  were  conducted  by  Sanford  E. 
Thompson  in  1905,  on  Portland  cement  concrete. 
The  aggregates  were  all  of  the  same  kind  of 
material,  varying  merely  in  the  sizes  of  the 
particles;  and  the  proportion  of  the  cement  to 
the  total  aggregate  by  weight  remained  the 
same.   The  results  showed  a  strength  of  the  con- 
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Crete  in  some  cases  two  and  a-half  times  what 
it  was  in  others. 

Yield  or  Volumetric  Test  for  Sand.  Refer- 
ence has  already  been  made  in  a  general  way 
to  what  is  known  as  the  "yield''  or  "volumetric" 
test,  the  purpose  of  which  is  to  determine  what 
one  of  two  or  more  sands  will  produce  the  denser, 
and  therefore  the  stronger,  mortar  in  any  given 
proportions.  In  a  paper  read  before  the  National 
Association  of  Cement  Users  (June,  1906),  Mr. 
Thompson  described  in  detail  the  method  of 
making  this  test,  in  substance  as  follows : 

if  the  proportions  of  the  cement  to  sand  are  by  vol- 
ume, they  must  be  reduced  to  weight  proportions;  for 
example,  if  a  sand  weighs  83  pounds  per  cubic  foot  moist, 
and  the  moisture  found  by  drying  a  small  sample  of  it 
at  212  degrees  F.  (the  temperature  at  which  water  boils 
and  is  driven  off  as  steam)  is  4  per  cent,  which  corre- 
sponds to  about  3  pounds  in  the  cubic  foot,  the  weight  of 
the  dry  sand  in  the  cubic  foot  will  be  83-3=80  pounds. 
If  the  proportions  by  volume  are  1 :3 — that  is,  one  cubic 
foot  of  dry  cement  to  three  cubic  feet  of  moist  sand 
— and  if  we  assume  the  weight  of  the  cement  as  100 
pounds  per  cubic  foot,  the  proportions  by  weight  will  be 
100  pounds  of  cement  to  3  times  80,  which  is  240  pounds 
of  sand;   and  this  corresponds  to  1:2.4  by  weight. 

A  convenient  measure  for  the  mortar  is  a  glass  gradu- 
ate, about  one  and  one-half  inches  in  diameter,  gradu- 
ated to  250  cubic  centimeters.  A  convenient  weight  of 
cement  plus  sand  for  a  test  is  350  grams.  The  sand  is 
dried  and  mixed  with  cement  in  the  calculated  propor- 
tions, in  a  shallow  pan  about  ten  inches  in  diameter  and 
one  inch  deep.  The  mixing  is  done  conveniently  with  a 
4-inch  pointing  trowel.      The    dry,    mixed    material    is 
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formed  into  a  circle  as  in  mixing  cement  for  briquettes, 
and  sufficient  water  added  to  make  mortar  of  plastic  con- 
sistency, similar  to  that  used  in  laying  brick  masonry. 
After  mixing  about  five  minutes,  the  mortar  is  introduced, 
about  20  cubic  centimeters  at  a  time,  into  the  graduate; 
and,  to  expel  any  air  bubbles,  it  is  lightly  tamped  with 
a  stick  having  a  blunt  end.  The  mortar  is  allowed  to 
settle  in  the  graduate  for  one  or  two  hours,  until  the  level 
becomes  constant,  when  the  surplus  water  is  poured  off, 
and  the  volume  of  the  mortar  in  cubic  centimeters  is  read. 
The  other  sands  that  are  to  be  compared  with  this  are 
then  prepared  in  the  same  way.  After  testing  all  the 
mortars,  the  sand  which  produces  the  strongest  mortar 
is  immediately  located  as  that  in  the  mortar  of  lowest 
volume.  In  other  words,  the  best  sand  is  that  which  pro- 
duces the  smallest  volume  of  mortar  with  the  given  pro- 
portions by  weight.  If  the  sands  that  are  being  compared 
differ  appreciably  in  specific  gravity,  allowance  for  this, 
of  course,  must  be  made  in  weighing  them  out  to  be 
tested,  so  that  the  sum  of  the  volumes  of  the  sand  particles 
will  be  the  same  in  each  case.  In  general,  however,  the 
sand  which,  in  any  given  proportion,  produces  a  mixture 
of  smallest  volume,  will  also  produce  a  mortar  of  greatest 
strength. 

In  a  number  of  tests  made  with  the  same 
proportions  of  cement  and  sand  by  weight,  the 
mortar  of  medium  sand  was  found  to  occupy 
a  volume  714  per  cent  in  excess  of  coarse  sand 
mortar;  while  fine  sand  mortar  exceeded  coarse 
sand  mortar  by  17  per  cent  in  volume — the 
results  here  again  favoring  the  coarser  material. 

By  similar  systematic  trials,  the  best  mix- 
ture of  two  or  more  sands,  or  of  various  sands 
with  various  other  aggregates,  for  making  con- 
crete, may  also  be  found.    Larger  quantities  of 
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materials  must  be  used  than  in  testing  sand  for 
mortar  as  above  described;  and,  instead  of  a 
glass  graduate — which  would  be  too  weak  to 
stand  the  necessary  light  ramming — a  short 
length  of  cast-iron  pipe,  closed  at  one  end,  may 
be  used.  Those  aggregates  which,  mixed  with 
cement  in  the  required  proportions,  produce  the 
smallest  volume  of  concrete,  are  ordinarily  the 
best,  though,  in  this  case,  the  shape  of  the 
particles  and  the  hardness  of  the  coarser  aggre- 
gates must  also  be  considered,  as  explained 
below. 

Standard  Sand.  As  a  standard  sand  for  test- 
ing purposes,  the  Committee  on  Uniform  Tests 
of  Cement,  of  the  American  Society  of  Civil 
Engineers,  recommends  the  natural  sand  from 
Ottawa,  111.,  screened  to  pass  a  sieve  having  20 
meshes  per  linear  inch,  and  retained  on  a  sieve 
having  30  meshes  per  linear  inch.  The  commit- 
tee says  that  sand  having  passed  the  No.  20  sieve 
shall  be  considered  standard  when  not  more 
than  one  per  cent  passes  a  No.  30  sieve  after 
one  minute  of  continuous  sifting  of  a  500-gram 
sample. 

Selection  of  Stone  and  Gravel.  So  wide  a 
variation  in  texture  and  strength  is  found  in 
stones,  even  of  the  same  class,  that  no  hard  and 
fast  rule  can  be  laid  down  as  to  their  compara- 
tive values  for  concrete.  The  actual,  intrinsic 
strength  of  the  stone  itself  is  an  all-important 
factor,  the  hardest  stone — other  things  being 
equal — ^producing  the  strongest  concrete. 
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In  order  of  their  value  for  concreting  pur- 
poses, different  stones  may  be  listed  approxi- 
mately as  follows:  (1)  Trap;  (2)  Granite; 
(3)  Gravel;  (4)  Marble;  (5)  Limestone;  (6) 
Slag;  (7)  Sandstone;  (8)  Slate;  (9)  Shale; 
(10)  Cinders.  Sandstone  is  ordinarily  not  worth 
more  than  three-fourths  the  value  of  trap,  and 
the  value  of  slate  is  less  than  half  that  of  trap. 

The  difficulty  of  making  anything  like  a  final, 
general  comparison  is  further  increased  by  the 
fact  that  the  relative  value  of  specimens  of  any 
one  kind  of  stone  is  affected  by  the  proportions 
used,  and  will  also  vary  with  the  age  of  the  con- 
crete. Gravel  concrete,  for  example,  because 
of  the  roimded  surfaces,  may,  at  the  age  of  one 
month,  be  weaker  than  concrete  made  from 
comparatively  soft  broken  stone;  but  at  the  end 
of  one  year  may  far  surpass  the  latter  in 
strength.  Gravel  makes  a  dense  mixtiire,  and, 
if  much  cheaper  than  crushed  stone,  may  ordi- 
narily be  substituted  for  it. 

Where  stone  is  used  as  aggregate,  the  rela- 
tive size  of  the  particles  affects  the  quality  of 
the  concrete,  just  as  in  the  case  of  sand;  but  the 
strength  and  density  of  the  concrete  depend  also 
on  the  hardness  of  the  stone  itself,  on  the  shape 
of  the  particles,  and  on  their  being  kept  within 
certain  limits  as  to  maximum  size. 

Porous  stones,  like  sandstone,  should  be 
avoided  if  possible.  They  are  inherently  weak, 
and,  unless  thoroughly  soaked  before  mixing, 
will  give  trouble  b}^  absorbing  excessive  amounts 
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of  water,  thus  preventing  plasticity  and  a  thor- 
ough mixture.  The  best  crushed  stone  is  that 
which  is  hard;  with  angular  fragments,  prefer- 
ably of  cubical  shape  and  ranging  up  to  the 
maximum  size  that  can  be  handled  in  the  work; 
with  all  particles  smaller  than,  say,  one-fourth 
inch  screened  out  to  be  used  as  sand;  and  with 
the  sizes  of  the  remaining  coarse  stone  varying 
from  small  to  large,  the  coarsest  predominating. 
A  flat-grained  material  packs  less  closely  than, 
and  is  always  inferior  to,  stone  of  angular  or 
cubical  fracture. 

Gravel  should  also  meet  these  same  require- 
ments, except  as  to  angular  shape,  its  particles 
being  usually  rounded  by  erosion.  It  must,  in 
addition,  be  clean,  because  clay  or  loam  adhering 
to  the  particles  weakens  or  destroys  the  adhesive 
power  of  the  cement.  Tests  made  by  the  Boston 
Transit  Commission  showed  a  tensile  strength 
of  605  lbs.  per  square  inch  for  concrete  made 
with  clean  gravel,  as  against  446  lbs.  when  made 
with  dirty  gravel. 

If  a  gravel  and  a  crushed  stone  are  of  equal 
hardness,  the  stone,  on  account  of  its  angularity, 
will  probably  give  a  better  binding  quality  to 
concrete  than  will  the  gravel,  which  is  smooth 
and  rounded.  Gravel,  however,  is  used  quite  as 
extensively  as  crushed  stone,  and  with  good 
results ;  and  it  has  frequently  the  advantage  of 
greater  cheapness  and  greater  accessibility  of 
supply. 

Even  in  the  same  bank  of  gravel  or  the  same 
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pile  of  crushed  stone,  the  proportions  of  fine  and 
coarse  material  will  vary  at  different  points.  As 
a  result,  the  only  way  to  secure  absolute  uni- 
formity in  the  concrete,  is  to  separate  the  fine 
material  from  the  coarse  by  screening,  and  then, 
remix  in  the  proportions  required  by  the  speci- 
fications. This  adds  to  the  cost,  but  insures  the 
best  results. 

Sizes  to  Use.  In  the  case  of  both  stone  and 
gravel,  the  coarse  material  should  predominate, 
and,  as  already  noted,  the  size  of  the  coarsest 
particles  of  stone  should  be  as  large  as  can  be 
handled  in  the  work.  Not  only  is  the  strength 
of  the  concrete  increased  thereby,  but  the  use 
of  leaner  and  cheaper  mixtures  is  rendered 
feasible  with  equally  good  results.  In  mass 
concrete,  however,  the  stones,  if  too  large,  are 
liable  to  separate  from  the  mortar  unless  placed 
by  hand  or  derrick  as  in  rubble  concrete,  and 
a  practical  maximum  size  is  2i/^  or  3  inches.  In 
thin  walls,  floors,  columns,  tanks,  conduits,  and 
other  reinforced  constructions,  a  1-inch  maxi- 
mum size  is  generally  as  large  as  can  be  easily 
worked  between  the  steel,  though  sometimes 
1^-inch  is  used.  In  some  cases  where  the  walls 
are  very  thin — say  3  or  4  inches — a  %-inch  maxi- 
mum size  is  more  convenient  to  handle. 

Rubble  Stone  and  Its  Use.  Sometimes  a 
saving  of  expense  may  be  secured  in  the  con- 
struction of  massive  work  such  as  waUs,  piers, 
abutments,  dams,  breakwaters,  etc.,  by  the  intro- 
duction of  large  stones  into  the  mass.   When  this 
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is  done,  the  stones  should  be  used  only  in  the 
middle  or  center  of  the  wall,  and  each  one  should 
be  so  placed  that  there  will  be  ample  room 
between  it  and  its  neighbor.  Thorough  tamping 
about  the  stone  is  necessary  to  insure  the  cement 
adhering  to  its  surface,  and  also  to  insure  a  per- 
fect filling  of  the  voids.  Stones  used  in  this  way 
are  better  if  their  surface  is  irregular  than  if 
they  are  smooth  or  rounded,  as  the  voids  of  the 
irregular  stone  afford  better  holding  power  for 
the  cement. 

These  large,  irregular  pieces  of  stone  are 
called  rubble,  and  the  concrete  made  by  using 
them  is  known  as  rubble  concrete.  The  saving 
of  expense  in  using  this  form  of  concrete  is  due 
to  the  fact  that  not  only  is  the  expense  of  crush- 
ing the  stone  done  away  with,  but  also  there  is 
less  cement  required  than  with  finer  aggregate, 
since  a  large  percentage  of  the  space  is  filled 
with  solid  stone. 

In  some  classes  of  work,  great  weight  in  con- 
crete is  desirable — as,  for  example,  in  break- 
waters, dams,  etc.,  where  there  will  be  great 
shock  or  pressure;  and  to  such  cases  rubble 
concrete  is  very  well  adapted,  as  it  is  much 
heavier  per  cubic  foot  or  cubic  yard  than  ordi- 
nary concrete.  Compared  with  rubble  masonry, 
it  will  usually  be  cheaper  than  the  latter.  This 
will  always  be  the  case  if  the  rubble  concrete  can 
be  placed  without  the  construction  of  forms; 
but  in  the  case  of  walls  of  medium  thickness,  say 


"RELIANCE"  HOISTING  ENGINE. 
For  derricks,  pile-drivers,  cableways,  etc. 


ELECTRICALLY  OPERATED  HOIST. 


liAIXS  AUTOMATIC  CON'CRETE  MIXER. 

Gravity  type.  Consists  essentially  of  a  series  of  stationa'-y  hoppers 
of  suitable  proportions  and  pitch,  mounted  one  above  another  on  platforms. 
The  aggregates,  thoroughly  wet,  are  drawn  downward  by  gravity,  passing 
through  the  dry  cement  and  becoming  coated  with  cement  paste.  The 
action  of  the  successive  hoppers  imparts  rotation  to  the  mass,  somewhat 
after  the  manner  of  the  hour  glass,  in  which,  as  is  well  known,  the  sand 
near  the  bottom  comes  out,  in  the  hopper  below,  near  the  top. 
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3  to  4  feet,  the  saving  in  the  concreting  material 
will  ordinarily  be  more  than  offset  by  the  cost 
of  the  forms. 

In  proportioning  rubble  for  concrete,  the 
amount  of  stone  is  fixed  at  a  certain  percentage 
of  the  space  to  be  filled.  This  percentage  will 
vary  with  the  size  of  the  stone  that  is  used,  being 
larger  with  the  larger  sizes  of  stone,  and  smaller 
with  the  smaller  sizes.  In  other  words,  a  greater 
percentage  of  a  given  volume  will  be  filled  if  the 
stone  is  large  size  than  if  it  is  small  size.  If  the 
rubble  is  of  such  size  that  it  can  be  handled  regu- 
larly by  one  man  or  two  men,  about  20  to  25  per 
cent  of  the  space  filled  by  the  concrete  will  con- 
sist of  the  stone,  leaving  80  to  75  per  cent  to  be 
filled  with  mixed  concrete.  In  the  case  of  stones 
that  can  be  handled  only  by  a  derrick,  the  per- 
centage may  run  from  about  33  per  cent  for  the 
smaller  sizes  to  from  55  to  65  per  cent  for  large- 
size  stones  averaging  1  to  2  cubic  yards  each  or 
larger,  the  amount  of  mixed  concrete  necessary 
thus  ranging  from  66  to  35  per  cent  or  less, 
according  as  the  stone  is  increased  in  size. 

The  stones  should  be  completely  enveloped 
in  the  concrete,  and  the  outermost  pieces  should 
be  buried  at  least  5  to  12  inches  beneath  the  sur- 
face. A  very  wet  mixture  is  generally  used  in 
placing  rubble  concrete;  and  in  this  case  the 
stones  may  be  placed  much  closer  together  than 
when  a  medium  or  dry  mixture  is  used.  If 
the  concrete  is  not  mushy  enough  to  flow  into 
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and  fill  all  the  spaces,  it  must  be  thoroughly 
tamped  to  insure  that  none  of  the  crevices  are 
left  empty. 

Fireproof  Aggregates.  Aggregates  differ 
greatly  in  the  resistance  they  offer  to  high  tem- 
peratures. But  even  an  aggregate  naturally 
weak  in  this  respect — such  as  limestone — will 
give  a  concrete  available  for  fireproof  construc- 
tion, if,  in  depositing  the  concrete,  the  precau- 
tion is  taken  to  insure  the  burial  of  the  coarser 
aggregate  behind  a  facing  very  rich  in  cement. 

Slag  and  pure  quartz  sand  are  two  of  the  best 
fireproof  aggregates.  The  former  is  itself  a 
product  of  enormously  high  temperatures.  Its 
angularity,  density,  and  cheapness  are  all  in  its 
favor.  In  the  selection  of  slag,  however,  care 
should  be  taken  to  avoid  any  that  contains  sul- 
phur, since  that  chemical  is  detrimental  to  Port- 
land cement. 

Other  substances  that  are  considered  fire- 
proof are  firebrick,  broken  pottery,  hard  clink- 
ers, cinders,  and  pumice-stone  or  lava,  all  of 
which  have  been  through  the  fire.  If  cinders 
are  used,  they  should  be  thoroughly  screened 
through  a  mason  *s  screen,  to  remove  the  dust. 

Limestone,  granite,  and  flint  crack  and  even 
decompose  under  the  action  of  great  heat.  Con- 
crete made  from  **coke  breeze,'^  as  the  refuse 
from  coke  furnaces  is  called,  will  gradually  crack 
and  crumble  when  subjected  to  high  tempera- 
tures. 
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WATER  FOR  CONCRETE 

Water  has  two  functions  to  perform  in  con- 
crete work.  Its  presence  is  necessary  to  develop 
the  hydraulic  activity  of  the  cement.  Aside  from 
this,  the  part  it  plays  in  concrete  is  merely  that 
of  rendering  the  mass  plastic  and  insuring  a 
thorough  mixture.  It  does  not  seem  to  have  any 
dii'ect  bearing  on  the  adhesive  power  of  cement; 
but  it  indirectly  affects  the  strength  of  concrete 
through  its  action  in  rendering  possible  a  more 
thorough  compacting  of  ingredients,  and  conse- 
quently increasing  the  density  of  the  resulting 
mass  of  concrete. 

In  all  ordinary  concrete  work,  the  general 
rule  may  be  laid  down,  that  water  should 
be  liberally  used.  This  greatly  improves  the 
density  and  strength  of  concrete.  Except  in 
special  cases — as,  for  example,  in  making 
concrete  blocks  or  casts,  where  the  product 
has  almost  immediately  to  be  self-support- 
ing— enough  water  must  be  used  to  make 
the  concrete  thoroughly  soft  and  plastic,  so 
as  to  quake  strongly  when  rammed.  If 
mixed  too  dry,  the  concrete  will  never  harden 
properly,  and  will  be  light,  porous,  and  crum- 
bling. In  some  work — as,  for  example,  in  plac- 
ing concrete  around  reinforcing  steel  members 
— the  best  results  can  be  secured  only  by  an  ex- 
cessively wet  mixture,  mushy,  and  soft  enough 
to  run  off  the  shovel. 

Water  that  is  to  be  used  for  concrete  should, 
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above  all  things,  be  clean.  Dirty  water  will  have 
the  same  effect  as  dirty  sand  or  dirty  gravel, 
weakening  the  concrete  and  in  some  cases  re- 
tarding the  setting. 

Fresh  cement  requires  more  water  than  ce- 
ment which  is  stale.  In  cold  weather,  the  water 
may  be  warmed;  but  in  such  cases,  there  arises 
the  danger  of  having  bubbles  of  air  or  of  water 
vapor  scattered  through  the  interior  of  the  con- 
crete, leaving  small  holes  in  the  mass  that  weak- 
en it. 

Water  should  also  be  free  from  acids  or 
strong  alkalis.  Cement  is  chemically  basic,  and 
is  therefore  naturally  active  to  a  greater  or  less 
extent  with  the  various  acids.  If  concrete  is  to 
be  exposed  to  attack  from  acid-laden  fluids, 
a  reliable  waterproofing  process  should  be 
adopted. 

The  action  of  sea  water  on  Portland  cement 
concrete  has  exercised  the  minds  of  engineers 
for  many  years.  The  tendency  to  disintegration 
that  has  been  noticed  is  purely  the  result  of 
chemical  action  and  the  formation  of  soluble 
salts.  It  is  checked  by  the  use  of  cements  rela- 
tively low  in  lime,  aliunina,  and  sulphates,  and 
by  the  adoption  of  a  waterproofing  process  which 
will  prevent  the  diffusion  through  the  concrete 
of  the  active  constituents  of  the  sea  water. 

Alkalis  in  water  may  hasten  the  setting  and 
hardening  of  concrete,  but  are  ultimately  detri- 
mental to  strength.  In  a  certain  soap  factory,  on 
one  occasion,  water  containing  lye  was  used  in 


CEMENT   CONSTRUCTION  85 

laying  several  hundred  feet  of  concrete  flooring. 
It  was  discovered  that  the  lye  water  made  a 
harder  concrete  in  much  less  time  than  would 
have  been  the  case  with  pure  water.  The  floor 
wore  well  for  two  years,  but  then  began  to  crum- 
ble, and  rapidly  disintegrated.  The  daily  sweep- 
ings consisted  largely  of  concrete,  and  in  a  short 
time  the  four-inch  floor  of  concrete  was  entirely 
swept  away  in  spots. 

PROPORTIONING  OF  CONCRETE  INGRE 
DIENTS 

The  importance  of  a  careful  grading  of  coarse 
and  fine  ingredients  has  already  been  empha- 
sized, and  the  general  principles  laid  down  which 
should  govern  the  selection  of  aggregates  for 
any  proposed  work. 

It  is  equally  essential,  for  the  sake  of  econ- 
omy and  efficiency,  that  the  concrete  worker 
shall  understand  how  to  determine  exactly  the 
relative  proportions  of  cement,  sand,  and 
coarser  aggregates  which  must  be  used  to  obtain 
the  densest  and  strongest  concrete. 

At  the  outset,  it  should  be  noted  that  in  prac- 
tical construction  work,  proportions  are  always 
indicated  by  measured  volume,  not  by  weight. 
In  laboratory  tests,  where  extreme  accuracy  of 
graduation  and  measurement  is  necessary,  and 
also  in  the  exact  proportioning  that  is  needed  in 
the  manufacture  of  Portland  cement  to  secure 
absolute  uniformity  in  the  product,  the  m©asur- 
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ing  of  ingredients  is  done  by  weighing  them;  but 
in  the  work  of  ordinary  concrete  construction, 
measuring  by  volume  is  much  the  easier  and 
more  convenient  method,  and  gives  an  accuracy 


Fig.   1. 


t>a/ra  t>ion.e       Concrete 


Relative  Voliunes  of  the  Solid  Ingredients  in  a  1:2:4 
Mixture,  and  of  the  Resulting  Mass  of  Concrete. 


sufficient  for  all  practical  purposes.  Thus  a  con- 
crete designated  1:2:4  does  not  mean  one  con- 
taining 1  lb.  cement  to  2  lbs.  sand  to  4  lbs.  of 
coarser  aggregate;  but  it  means  a  mixture  con- 
sisting of  1  part  or  measured  volume  of  cement, 
twice  as  much  sand,  and  four  times  as  much  of 
the  coarser  aggregate  (stone  or  gravel),  making 
the  whole  mixture  contain  seven  parts,  though, 
when  mixed  together,  these  seven  parts  will  not 
occupy  seven  times  the  volume  of  one  part,  but 
only  a  little  more  than  the  volume  of  the  four 
parts.  Fig.  1  illustrates  graphically  the  rela- 
tive volumes  of  the  ingredients  in  a  1:2:4  mix- 
ture, and  of  the  resulting  mass  of  concrete. 

In  general  practice,  there  is  wide  variation  in 
regard  to  the  actual  proportions  used  in  the  mix- 
ing of  concrete.  In  many  cases  these  proportions 
are  decided  upon  in  so  crude  a  manner,  and  the 
measuring  is  also  done  so  roughly  and  careless- 
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ly,  that  material  is  wasted,  the  cost  of  work  un- 
necessarily increased,  and  the  results  indifferent 
or  unreliable. 

The  only  way  to  determine  the  exact  propor- 
tions of  cement  and  aggregates  required  for  per- 
fect concrete,  is  to  make  an  experimental  test 
in  each  case.  Fortunately  this  is  a  comparatively 
easy  thing  to  do;  and,  for  the  practical  concrete 
worker,  it  wiU  ordinarily  consist  merely  in  de- 
termining the  percentage  of  voids  contained  in 
the  sand  and  other  aggregates — ^that  is,  the  pro- 
portion of  space  that  has  to  be  filled  with  fine 
material. 

As  a  result  of  the  number  of  such  special 
tests  which  have  been  made  by  engineers,  and 
the  careful  investigations  that  have  been  carried 
out  in  connection  with  actual  examples  of  con- 
struction, an  immense  fund  of  valuable  practical 
information  has  been  accumulated,  covering 
every  detail  of  concrete  work.  This  information 
has  been  embodied  in  the  form  of  working  rules 
and  labor-saving  tables  which  render  it  immedi- 
ately available  for  practical  application.  By 
merely  referring  to  these  tables  and  observing 
these  rules,  the  concrete  worker  can  determine 
with  a  degree  of  accuracy  sufficient  for  all  prac- 
tical piu-poses  the  proportions  of  cement  and 
aggregates  to  be  used  in  any  kind  of  concrete 
work,  and  can  be  sure  that  he  is  adopting  the 
proper  methods  of  procedure. 

No  table,  however,  can  be  compiled,  from 
which  at  least  some  slight  variation  is  not  allow- 


88  CEMENT   CONSTRUCTION 

able.  This  is  because  voids  and  weights  of  even 
the  same  kinds  of  aggregates  vary  so  greatly, 
and  the  quantities  of  cement  in  original  pack- 
ages shipped  by  different  manufacturers  also 
differ  considerably.  The  working  tables,  never- 
theless, will  indicate  approximately  the  ideal 
proportions  to  use. 

Determination  of  Voids 

Since  the  object,  in  mixing  materials  of  dif- 
ferent sizes  in  concrete,  is  to  fill  all  the  spaces, 
it  follows  that  the  voids  in  the  coarse  aggregate 
will  indicate  the  amount  of  sand  to  use,  and  the 
voids  in  the  sand  will  indicate,  though  but 
roughly,  the  amount  of  cement  to  use. 

Voids  are  usually  referred  to  as  a  certain  per- 
centage of  the  whole  volume.  A  gravel,  for  ex- 
ample, with  35  per  cent  of  voids,  means  that  in 
a  volume  of  the  gravel  occupying  100  cubic  feet 
of  space,  35  cubic  feet  consists  of  voids  or  empty 
spaces  that  have  to  be  filled. 

Having  selected  the  available  stone  or  gravel 
best  adapted  for  the  character  of  construction 
desired,  any  one  of  several  different  methods 
may  be  employed  to  determine  the  percentage  of 
voids. 

Voids  in  Coarse  Aggregates.  A  very  simple 
method  of  determining  voids  in  coarse  aggre- 
gates, described  by  Albert  Moyer,  is  in  substance 
as  follows: 
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Make  a  box  that  will  contain  3  cubic  feet  (say,  1  by 
1^  by  2  feet,  inside  dimensions).  Dry  the  aggregate  by 
heating  to  212  degrees  F.,  the  boiling  point  of  water.  If 
sand  or  screenings  are  present,  they  should  be  sifted  out 
through  a  |-inch  mesh  sieve,  to  be  used  as  sand.  Throw 
stone  in  box  loose,  a  small  quantity  at  a  time,  and  level 
off  top  with  straight-edge.  Having  first  weighed  the 
empty  box,  weigh  the  box  when  filled ;  deduct  the  weight 
of  the  empty  box  from  the  gross  weight,  and  divide  the 
net  weight  (which  is  the  weight  of  the  contents)  by  3, 
which  will  give  the  actual  weight  of  one  cubic  foot.  Then 
simply  use  Table  IV,  which  shows  at  a  glance  the  per- 
centage of  voids  in  coarse  aggregates  of  varying  weight 
per  cubic  foot. 


TABLE  IV 

Percentage  of  Voids  in  Coarse  Aggregates 
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A  gravel,  for  example,  which  on  being  well 
shaken  down  weighs  110  lbs.  per  cubic  foot,  is 
shown  by  the  table  to  contain  33  per  cent  of 
voids. 
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On  account  of  the  stone  being  measured  loose, 
the  voids  shown  in  Table  IV  call  for  a  little 
more  of  the  fine  material  than  is  needed  to  just 
fill  the  actual  voids  in  the  concrete  when  tamped. 
They  should,  however,  be  used,  as  they  make 
sufficient  allowance  to  offset  possible  unevenness 
in  mixing. 

Another  method  of  determining  the  voids  in 
coarse  aggregates,  is  given  by  S.  B.  Newberry, 
substantially  as  follows : 

Use  a  metal  box  of  exactly  one  cubic  foot  capacity. 
Fill  with  the  material  to  be  tested;  shake  down  well; 
strike  off  level;  and  weigh.  Now  pour  water  in,  at  one 
corner,  until  it  rises  even  with  the  surface;  and  weigh 
again.  The  difference  in  the  weights  will  be  the  weight 
of  the  water  that  was  added  to  fill  the  voids.  Now,  since 
one  cubic  foot  of  water  weighs  62.5  lbs.,  to  find  the  per- 
centage of  the  volume  occupied  by  the  water  that  just 
filled  the  voids,  we  divide  the  weight  of  the  latter  by  62.5 
and  multiply  by  100. 

Suppose,  for  example,  that  the  box  of  dry 
aggregate  weighs  92  lbs.,  and,  when  the  water  is 
poured  in,  it  weighs  120  lbs.  Then  120—92=28 
lbs.,  the  weight  of  the  water.  The  amount  of 
the  voids  will  therefore  be  (28-^-62.5)  X  100=44.8 
per  cent. 

If  the  aggregate  is  dry  and  porous,  it  should 
be  wetted  before  testing  for  voids,  and  then 
dried  just  enough  to  remove  all  moisture  from 
the  surface  of  the  material.  In  this  way  the 
error  that  might  occur  through  the  absorption 
of  water  will  be  eliminated. 
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The  object  of  pouring  in  the  water  at  one 
point  only,  is  to  avoid  entrapping  bubbles  of  air. 
Voids  in  gravel  are  seldom  less  than  30  per 
cent  or  more  than  45  per  cent.  Broken  stone, 
being  angular,  does  not  compact  as  readily  as 
gravel,  and  hence  has  larger  voids,  though  these 
will  vary  in  amount,  depending  upon  the  charac- 
ter of  the  stone,  whether  it  is  broken  by  hand  or 
in  a  crusher,  and  whether  run  of  crusher  is  taken 
or  the  material  has  been  screened. 

Table  V.,  compiled  by  M.  Feret,  shows  the 
percentage  of  voids  to  be  found  in  round  pebbles 
and  broken  stone  of  different  sizes,  and  also  in 
mixtures  of  different  sizes  of  each  of  these  ag- 
gregates. 

TABLE  V 
Voids  in  Pelibles  and  Broken  Stone 


Sizes  op  Aggregate 
Passing  a  ring  of... 2. 4  in.      1.6in.     0.8in. 
Held  by  a  ring  of... 1.6  "       0.8  "       0.4  " 

Voids  (Per  Cent)  IN 

Round  Pebbles 

Broken  Stone 

Parts  Tested 1              0             0 

0             10 

•'      0             0             1 

Mixtures  Tested 110 

*•     1              0              1 

"     Oil 

"     Ill 

'•     4             1              1 

"     1              4             1 

"     1              1              4 

"     8              0              2 

40.0 
38.8 
41.7 
35.8 
3o.6 
37.9 
35.5 
34.5 
36.6 
38.1 
34.1 

53.4 
51.7 
52.1 
50.5 
47.1 
49.5 
47.8 
49.2 
49.4 
48.6 

Voids  in  Sand  or  Screenings.  To  determine 
the  percentage  of  voids  in  sand  or  screenings, 
Mr.  Newberry's  method  as  described  above  for 
coarse  aggregates,  may  be  used  with  slight  modi- 
fication. Instead  of  pouring  the  water  into  the 
sand-filled  vessel,  the  sand  should  be  poured  into 
a  vessel  containing  water.     If  the  water  be 
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poured  on  the  sand,  it  will  be  impossible  to  get 
rid  of  all  the  air.  The  vessel  should  be  filled  not 
less  than  half-full  of  water,  and  the  sand  intro- 
duced slowly.  As  most  sands  have  less  than  50 
per  cent  of  voids,  the  water  will  overflow  the 
vessel  before  it  is  level  full  of  sand.  Keep  on 
putting  in  sand,  however,  until  the  vessel  is  level 
full,  being  careful  at  the  same  time  to  have  the 
overflowing  water  carry  off  as  little  as  possible 
of  the  finer  sand.  When  the  vessel  is  level  full 
of  the  water-soaked  sand,  strike  off  smoothly 
over  the  top,  and  weigh.  The  calculation  of 
voids  is  then  made  in  exactly  the  same  manner 
as  for  coarse  aggregates. 

Still  another  method  of  determining  the 
voids  in  sand  is  to  calculate  it  from  the  weight 
of  a  cubic  foot  and  the  specific  gravity  of  quartz. 
The  specific  gravity  of  a  substance  is  its  relative 
weight  compared  with  water  as  the  unit.  A  sub- 
stance having  a  specific  gravity  of  2.5,  for  ex- 
ample, will  weigh  2.5  times  as  much  as  water, 
volume  for  volume.  Now,  sand  is  mostly  broken 
quartz,  and  quartz  has  a  specific  gravity  of  2.65. 
A  cubic  foot  of  water  weighs  62.5  lbs.  Therefore 
a  cubic  foot  of  quartz  sand,  if  free  from  voids, 
would  weigh  2.65x62.5=165.625  lbs.  Now  take 
a  cubic  foot  of  the  sand  to  be  tested,  well  shaken 
down,  and  weigh  it.  Suppose,  for  example,  that 
it  weighs  112  lbs.  Subtract  this  from  165.625 
lbs.,  the  weight  of  a  solid  cubic  foot  of  quartz, 
and  we  find  a  difference  of  165.625— 112==:53.625 
lbs.,  which  is  the  loss  of  weight  due  to  the  voids. 
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The    percentage    of    voids    will    therefore    be 
(53.625-^165.625)  X  100=32.3  per  cent. 


TABLE  VI 
Voids  in  Aggregates  of  Differently  Shaped  Particles 

Aggregate 

Voids 

Unshaken 

Shaken 

Natural  Sand  (Rounded) 

35.9  percent 
42.1    "       •' 
44.8    "       " 
47.5    "       " 

27.4    " 

Crushed  Shells  (Flat) 

31.8    "       " 
34.6    " 

Kesidue  of  Quartz! te  (Fl&t) 

The  effects  of  various  shapes  of  particles 
upon  the  percentage  of  voids  in  aggregates,  is 
shown  in  Table  VI.  In  the  case  of  the  shaken 
material,  the  shaking  was  carried  on  until  no 
further  settlement  could  be  produced.  It  will  be 
noticed  that  rounded  particles  have  fewer  voids 
than  flat  or  angular. 

Amount  of  Cement  to  Use 

The  amount  of  cement  to  be  used  in  mixing 
concrete  is  generally  stated  as  a  certain  volume 
or  measure,  in  proportion  to  the  number  of 
volumes  of  the  sand  and  the  coarser  aggregate, 
thus,  1:2:4  indicating  a  mixture  in  wliich  there 
will  have  to  be  measured  out  twice  as  much  sand 
as  cement,  and  four  times  as  much  gravel  or 
stone. 

To  determine  the  proper  and  most  econom- 
ical amoimt  of  cement  to  use  in  order  to  get  a 
maximum  density  and  strength  of  concrete,  is 
therefore  simply  to  determine  whether  we  shall 
use  a  1 :2 :4,  or  a  1 :3.5 :7,  or  some  other  mixture. 
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Fortunately,  here  again  the  problem  con- 
fronting us  need  not  present  any  very  great 
difficulty.  An  absolute  and  exact  determination 
would,  indeed,  be  extremely  difficult;  but  in  all 
ordinary  concrete  work  the  ideal  proportions 
can  easily  be  approximated  closely  enough  to 
prevent  all  unnecessary  waste  and  to  meet  all 
practical  demands. 

The  working  rules  and  tables  which  have 
been  compiled  by  engineers  from  the  results  of 
careful  tests  and  wide  observation  of  actual  con- 
structions, afford  to  all  workers  in  concrete  a 
ready  guide  to  approved  practice  in  the  propor- 
tioning of  mixtures.  A  number  of  these  prac- 
tical rules  and  tables  will  be  given,  sufficient  to 
enable  the  reader  to  determine  the  proper  mix- 
ture to  use  in  any  kind  of  concrete  construction. 

In  the  first  place,  the  general  principle  may 
be  laid  down,  that  economy  in  the  use  of  cement 
demands  a  careful  grading  of  the  aggregates  so 
as  to  reduce  voids  as  much  as  possible.  If  the 
coarse  aggregate,  for  example,  is  very  uniform 
in  size,  and  its  particles  considerably  smaller 
than  the  maximum  allowed,  the  voids  can  be  re- 
duced by  adding  coarser  material.  If,  on  the 
other  hand,  the  aggregate  is  already  almost  the 
full  allowable  size,  the  voids  can  be  reduced 
by  adding  finer  material  ranging  in  size 
from  the  coarse  aggregate  to  the  coarsest  sand. 
In  all  aggregates,  in  fact,  the  particles  should 
range  from  fine  to  coarse,  with  the  coarse  pre^ 
dominating,  as  before  explained.    A  cement  and 
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Summer  Cottage  Built  of  Concrete  on  Shore  of  Lake  Erie  near 
Cleveland,  Ohio. 

Cellar  walls  and  chimnev  of  hollow  blocks ;  first  floor  of  reinforced 
concrete  3  inches  thick,  with  pine  flooring ;  house  walls  cement-plas- 
tered with  pebble-dash  finish ;  roof  of  concrete  1  inch  thick  spread  over 
corrugated  expanded  metal  (trussit)  supported  on  iron  rafters  and  wa- 
terproofed ;  porch  floor  of  concrete  on  cinder  foundation. 

sand  mixture  will  be  vastly  increased  in  strength 
by  the  addition  of  coarse  aggregate.  One  barrel 
of  cement,  judiciously  mixed  with  sand  and 
gravel,  may  be  as  good  as  three  barrels  mixed 
with  sand  alone. 

Having  selected  the  sand  and  coarse  aggre- 
gate available  for  the  work,  and  calculated  the 
percentage  of  voids,  the  proper  mixture  to  use 
can  be  readily  determined  by  reference  to  Table 
Vn.,  compiled  by  Mr.  C.  W.  Boynton,  which 
shows  the  proportions  of  cement,  sand,  and 
stone  to  be  used  for  various  percentages  of  voids. 
This  table,  in  order  to  be  on  the  safe  side  and 
cover  all  the  slight  errors  likely  to  occur  in  de- 
termining the  voids,  is  based  on  an  extra  allow- 
ance of  10  per  cent  in  the  voids  of  the  small 
aggregate. 


96 


CEMENT   CONSTRUCTION 


s§ 

o  (3 

•«    - 
-OS 


Eh  "^  05 


f 


o 

& 

P4 


0 
V 

O 
ki 

V 

Ph 

O 

tn 
a 
o 

3 

O 

o 

03 

omoo>Amu3Lnooeoo>n>otn>nu3U3kne> 

3 

to  U3  in  tA '<»  XT  «9>  xl"  •»' '«•  <v  ^  <»  ^  m  (O  «3  «»  w  <o  M 

ss 

o  tn  kA  s  e>  la  u3  u3  us  e  e>  o  cs  o  tn  in  lo  in  us  lA  u3 

<OUSU3USU3'<1<«#W<«'»'«'^^^«OM*0«3«9<Of« 

"w 

O  O  us  O  O  us  us  U9  us  us  O  O  O  O  9  U3  U3  U3  us  US  U> 

«o  «D  us  us  us  •^  ^  ■«i"  •«*  •»»  ■«"  "•  ••  ^  ^  e<s  «  CO  m  «s  •» 

^oususoousususususoooooususususus 
«o«eusususus'<*'*"*>»'*'««'«"*'»«omrrsos«»s 

55 

USOUSUSOOOUSUSUSUBOOOOOOUSUSUSUS 

«o  <o  us  us  us  us  us  ^  »»«•«*•»» -w  ^ '^  ^  ■•  e<s  e»s  fo  •» 

^ 

us^^usooousususususooooooususus 

tO«©«OUSUSUSUS^^^^^xi'^^'*'*'^«S«*S«fS 

USU5  0USOOOOUSUSU5USUSOOOOOOUSUS 

«oeo«oususususus*^^'^^P'*^^^^^^*o«o 

•* 

usus^usus^o^ousususususoooooous 

«050»USUSUSU5USUS'«I'*'«"«"««'XI<«*^^«<*»» 

0US^<SUSUS00C90USUSUSUSUS^^0000 

r^«0(0<0USUSUSUSUSUS«*"«"^'^«**^'9«^"l*'x»'^' 

3 

oususousususoo^oususususoo^ooo 

■*»<0<OUSUSI0USUSUSUS^^^^''^**'*^^'** 

CO 

OOUSOUSUSUSOOOOUSUSUSUSUSOOOOO 
t^r-^«0»lOUSUSUSUSUSUS^'9'-<«>«*'«"<»'*"*^'» 

^ 

oous^^usususo^^^usususususoooo 
r^t^co«o«©u>usususususus'<f>^"*^'««'^^^»^ 

s; 

usousooousususoooousususususooo 

t*t^fle«Deoiousususususususxi"<*^'^'*^»"«'«* 

S 

usoeusooususususooeousususuiusoo 
c^r*r*c0<O4Ousususususususus^'^r«vx#^xr<<9< 

o 

03 

a: 

CO 

USUSOOOUSUSUSUSUSl/SUSUSOOOOOOOO 
«>  «Q  M  OS  M  C^a  N  Csi  ra  N  <SI  N  N  N  CM  N  N  M  (M  N  •>• 

i 

■4 

5 

S 
1 

o 

0 

1 

aaassRffiSSSJSSsjg^SsSSSss 

"SIMPLEX"  CONCRETE  MIXER. 

Continuous  type,  automatically  measuring.     Rear- 
end  view,  showing  mixing  blades.     See  page  281. 


"CRESCENT"      AUTOMATICALLY      PROPORTIONING      CONTINUOUS 
CONCRETE  MIXER. 

Equipped  with  2 ^^ -horse-power  gasoline  engine. 


"BOLTE"   CONCRETE  MIXER. 
Hand-operated.     A  light,  portable  type. 


"ECLIPSE"  MIXER— PADDLE   TYPE. 
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By  using  this  table,  a  great  waste  of  cement 
may  be  prevented.  Mr.  Boynton  cites  an  actual 
instance  where,  on  a  certain  sidewalk  job,  a 
mixture  of  1  part  cement  to  4  parts  aggregate 
was  being  used.  The  aggregate  was  chiefly 
sand,  only  2  per  cent  of  it  being  gravel  over 
%  inch,  and  none  of  it  over  %  inch.  The  voids 
in  the  aggregate  were  about  30  per  cent.  Here 
the  mixture  was  out  of  balance.  Not  only  was 
there  too  much  fine  material,  presenting  a  larger 
surface  than  the  cement  could  cover,  but  the 
voids  were  larger  than  the  cement  could  possibly 
fill.  A  reference  to  Table  VII  would  have  en- 
abled the  contractor  to  effect  a  saving  of  almost 
40  per  cent  in  the  amount  of  cement  used,  and 
at  the  same  time  to  deliver  a  far  better  job. 

Where  a  sand  contains  30  per  cent  voids,  the 
table  shows  that  only  2.5  parts  of  it  should  be 
mixed  with  1  part  of  cement.  And  if  coarser 
material  is  also  available,  say  stone  containing 
45  per  cent  of  voids,  then  4^/2  parts  of  such  ag- 
gregate should  be  added.  The  proper  mixture 
would  be  1:2.5:4.5;  and  if  this  mixture  had  been 
used  on  the  job,  the  amount  of  cement  necessary 
would  have  been  only  one-eighth  the  total 
volume,  instead  of  the  one-fifth  called  for  by  the 
1 :4  mixture — a  saving  of  37.5  per  cent. 

When  a  natural  mixture  of  sand  and  gravel 
is  available,  the  most  reliable  results  will  be  ob- 
tained by  screening  it,  and  then  remixing  the 
fine  and  coarse  material  in  the  proper  definite 
proportions.    But  if  this  cannot  be  done  and  un- 
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screened  gravel  has  to  be  used,  the  proportion 
of  cement  can  be  roughly  determined  in  the  fol- 
lowing manner:  Take  a  portion  of  the  gravel, 
and  screen  out  the  sand  through  a  i^'i^^^ 
screen.  If  the  volume  of  sand  that  passes  the 
screen  bears  to  that  retained  on  the  screen  the 
ratio,  of,  say,  3  to  5,  then  the  mixture  to  use  is  1 
part  cement  to  3-)- 5=8  parts  of  the  unscreened 
gravel,  since  this  practically  amounts  to  a  mix- 
ture of  1  part  cement,  3  parts  sand,  and  5  parts 
gravel. 

The  proportions  for  a  mixture  can  also  be  cal- 
culated, though  but  roughly,  from  the  voids  in 
the  sand  and  stone.  Assume,  for  example,  a 
sand  with  33  per  cent  and  a  gravel  with  40  per 
cent  of  voids.  Then,  to  fill  the  voids  in  100 
volumes  of  gravel,  we  shall  need  40  volumes 
of  sand.  To  fill  the  voids  in  the  sand 
with  cement,  we  shall  need  33  per  cent  of  40 
volumes ;  but,  allowing  an  extra  10  per  cent  for 
thorough  coating  of  the  particles  and  to  avoid 
results  of  possible  errors  made  in  determining 
the  voids,  we  shall  take  43  per  cent  of  40 
volumes,  that  is,  17.2  volumes  of  cement.  The 
proportions  of  the  mixture  will  then  be  17.2  ce- 
ment to  40  sand  to  100  gravel,  or,  approximately, 
1:2.3:5.8. 

It  is  a  common  practice  to  increase  the  pro- 
portion of  mortar  more  or  less  above  that  calcu- 
lated, to  compensate  for  imperfect  mixing  or  to 
increase  the  strength  of  the  concrete.  In  some 
cases  a  rich  concrete  may  be  necessary;  in  others 
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a  poorer  mixture  will  do  equally  well  and  be  far 
more  economical.  This  will  depend  on  the  char- 
acter and  location  of  the  construction.  How- 
ever, proportions  carefully  determined  accord- 
ing to  methods  such  as  those  described  above, 
are  those  which,  with  only  slight  variations, 
should  be  depended  upon  where  very  careful 
work  and  an  economical  use  of  cement  combined 
with  great  density  and  strength  are  required. 

Any  great  variation  in  the  relative  propor- 
tions of  sand  and  gravel  may  convert  a  good, 
strong  concrete  into  a  weak  and  inferior  one, 
even  though  the  proportion  of  the  cement  be 
not  changed.  Strength  may  ordinarily  be  in- 
creased by  adding  to  the  proportion  of  cement, 
but  a  simultaneous  increase  of  the  sand  would 
defeat  the  purpose  in  view,  possibly  weakening 
the  concrete  as  much  as  the  increase  of  cement 
would  strengthen  it. 

It  is  a  widely  accepted  conclusion  among 
engineers,  that  a  determination  of  the  voids  in 
sand  affords  at  best  only  an  approximate  indica- 
tion of  the  amount  of  cement  that  should  be 
mixed  with  the  sand  in  making  mortar  or  con- 
crete. Safety,  it  is  true,  may  always  be  con- 
served, where  this  method  is  followed,  by 
making  due  allowance  for  errors  of  calculation, 
imperfect  mixing,  etc.;  yet  this,  they  point  out, 
may  be  at  an  unnecessary  sacrifice  of  economy, 
and,  for  a  determination  of  the  ideal  proportions, 
some  other  method  is  to  be  preferred. 

That  the  voids  in  sand  are  an  uncertain  and 
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variable  factor,  is  shown  by  several  considera- 
tions. When  water  is  added  to  sand  and  thor- 
oughly mixed  with  it,  the  sand  swells  in 
volume,  so  that  a  cubic  foot  of  the  damp  sand 
will  weigh  less,  and  will  contain  a  f^  larger 
amount  of  voids,  than  a  cubic  foot  of  the  same 
sand  when  dry.  At  the  same  time,  the  available 
voids  in  the  damp  sand  are  different  from  the 
available  voids  in  the  dry  sand.  Fine  sand  takes 
up  more  water  than  coarse,  and  increases  con- 
siderably more  in  volume. 

Moreover,  the  volume  of  any  measured  quan- 
tity of  cement  will  be  considerably  reduced  by 
the  addition  of  water  so  as  to  work  the  cement 
into  a  thick  paste.  A  cubic  foot  of  packed  ce- 
ment does  not  signify  a  cubic  foot  of  void-filling 
capacity  when  the  cement  is  wetted  and  made 
into  a  thick  paste. 

In  view  of  such  considerations  as  these,  many 
engineers  prefer  to  base  their  proportioning  of 
mixtures,  so  far  as  the  cement  and  sand  are  con- 
cerned, not  on  the  measured  or  computed  volume 
of  voids  in  the  sand,  but  on  the  density  and 
plasticity  of  the  mortar  produced  by  differently 
proportioned  mixtures  of  cement  and  sand.  The 
sample  mixtures  for  examination  (say  five  sam- 
ples in  proportions  1:2;  1:2.5;  1:3,  etc.)  are  very 
carefully  proportioned  out  by  weighing,  and  are 
made  to  approximate  as  nearly  as  possible  the 
conditions  that  will  exist  in  actual  work,  as  to 
compactness,  amount  of  moisture  absorbed,  etc. 
The  tests  are  taken  in  finely  graduated  measur- 
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ing  tubes  which  show  accurately  the  relation  be- 
tween the  original  volume  of  the  sand  and  that 
of  the  resulting  mixture,  and  also  the  slightest 
variations  in  volume  of  the  mixture  due  to  the 
different  proportions.  The  density  of  the  mortar 
increases  with  the  amount  of  the  cement,  up  to 
that  point  where  a  further  increase  of  cement 
will  cause  an  increase  in  the  volume  of  the  mor- 
tar. If  the  conditions  of  the  work  do  not  require 
a  very  dense  or  strong  mortar,  the  proportions 
to  be  adopted  will  be  indicated  by  one  of  the 
samples  containing  the  least  cement,  but  show- 
ing sufficient  plasticity  to  insure  a  good  bond  in 
the  concrete. 

In  principle  this  method  of  determining  pro- 
portions is  very  similar  to  that  depending  on  the 
** yield '^  or  *' volumetric  test"  for  sand,  which 
has  already  been  described.  Table  VIII  is  a 
working  table  based  on  this  method,  compiled  by 
Albert  Moyer  from  the  results  of  many  tests. 
It  shows  the  proportions  of  aggregates  which 
will  give  maximum  density  with  a  minimum  of 
cement.  The  voids  in  the  stone,  and  the  eco- 
nomic proportions  of  cement  to  sand  which  will 
give  the  density  and  plasticity  of  mortar  re- 
quired on  the  particular  concrete  job,  should 
first  be  determined;  and  the  table  may  then  be 
applied  to  show  the  amount  of  coarse  aggregate 
to  be  used. 

For  example,  suppose  that  a  mortar  mixture 
of  1  part  cement  to  21/^  parts  sand  (1:214)  is 
decided  upon,  and  that  the  available  coarse  ag- 
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TABLE  VIII 

Proportions  of  Aggregates  Giving  Maximum  Density  with  Varying 

Mixtures  of  Cement  and  Sand 


Voids 

Proportions 

OP  Mortar 

IN 

1:1 

1:2 

l:2}i 

1:3 

l:3Ji 

1:4 

1:4% 

1:5 

1:5% 

1:6 

Stone 

(Per  Cent) 

Proportions  of  Stone 

20 

10 

nVi 

15 

17Ji 

20 

22% 

25 

27% 

80 

21 

i% 

dH 

12 

14M 

16% 

19 

21% 

233i 

2634 

28% 

22 

4« 

9 

im 

13?^ 

16 

1834 

20% 

22?i 

25 

2754 

28 

^H 

8% 

10% 

13 

1534 

17% 

19% 

2m 

24 

26 

24 

»}i 

10>i 

12>i 

14% 

16% 

183li 

2^% 

28 

25 

25 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

m 

1% 

9% 

IVA 

13% 

15% 

17% 

1934 

2134 

23 

27 

i\i 

1% 

9Ji 

11 

13 

14?i 

16% 

18% 

20% 

2234 

28 

IVz 

7Ji 

9 

103i 

12% 

1434 

16 

n% 

19% 

21% 

29 

V/t 

7 

S'A 

10>^ 

12 

\3% 

15% 

1734 

19 

20% 

30 

1% 

6?i 

8M 

10 

11% 

13% 

15 

16% 

18% 

20 

31 

3H 

6^ 

8 

9% 

11% 

13 

14% 

16 

173li 

19% 

32 

3 

634 

7% 

9% 

11 

12% 

14 

15% 

1734 

18?^ 

33 

3 

6 

VA 

9 

10% 

12 

13% 

1534 

16% 

1834 

34 

3 

6 

1% 

m 

1034 

ll?i 

1334 

149i 

16% 

17% 

35 

2M 

h% 

VA 

S'A 

10 

11% 

12^ 

1434 

15?i 

17)4 

36 

2% 

f>% 

7 

8M 

9% 

11 

12% 

14 

1534 

16% 

37 

2% 

5H 

^% 

8 

9% 

10«^ 

1234 

13% 

143i 

16% 

38 

2% 

5}i 

i% 

8 

934 

10% 

\\% 

1834 

14% 

15X 

39 

2% 

5 

m 

7?^ 

9 

1034 

11% 

125li 

14 

15% 

40 

2% 

5 

6Ji 

VA 

m 

10 

1134 

12% 

135i 

15 

41 

2% 

4% 

6 

1% 

8% 

i% 

11 

1234 

13% 

14% 

42 

2H 

i% 

6 

1^ 

8% 

9% 

105^ 

12 

13 

1434 

43 

2% 

i% 

5% 

7 

834 

9% 

10% 

11% 

125i 

14 

44 

2H 

4^ 

5% 

65i 

8 

9 

1034 

11% 

12% 

13% 

45 

2% 

iH 

5H 

6?i 

1% 

m 

10 

11 

1234 

13% 

40 

2Ji 

i% 

f>H 

6}^ 

7% 

8% 

9% 

l<i% 

12 

13 

47 

2^ 

4% 

h% 

6^ 

7% 

8% 

9% 

10% 

115i 

125i 

48 

2 

4 

5Ji 

6M 

7% 

8% 

9% 

10% 

11% 

12% 

49 

2 

4 

5 

634 

734 

834 

934 

1034 

1134 

1234 

50 

2 

4 

5 

6 

7 

8 

9 

10 

11 

12 

51 

2 

Z% 

5 

6 

6^ 

1% 

i% 

m 

1054 

ll?i 

52 

2 

3% 

i% 

55i 

6% 

7% 

8% 

9% 

10% 

11% 

53 

2 

1% 

i% 

5% 

6% 

73^ 

8% 

9% 

10% 

1134 

54 

\% 

Wt 

m 

5>^ 

6% 

7% 

8% 

934 

1034 

11 

55 

1% 

IVz 

414 

5J^ 

6% 

734 

834 

9 

10 

11 

56 

1% 

IVi 

m 

h% 

634 

734 

8 

9 

9% 

lOSi 

57 

m 

3H 

i% 

534 

654 

7 

8 

i% 

9% 

10% 

58 

1% 

3)4 

4H 

534 

6 

7 

1% 

8% 

9% 

10% 

59 

VA 

3% 

4% 

5 

6 

m 

7% 

8% 

9% 

1034 

60 

1% 

3% 

4 

5 

5^ 

6% 

7% 

8% 

934 

10 

gregate  contains  33  per  cent  of  voids.  Then, 
looking  at  the  table,  starting  at  33  in  the  void 
column  at  the  left,  and  passing  over  to  the  right 
until  we  come  to  the  proportion  column  headed 
1:2%,  we  find  7^2?  which  is  the  number  of  parts 
of  stone  to  be  added  to  the  1 :2V2  mortar  mixture. 
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TESTING  OP  CEMENT 

The  most  accurate  and  thorough  tests  of  ce- 
ment are  those  which  are  made  in  professional 
testing  laboratories.  These,  however,  are  not 
always  available;  and  fortunately  they  are  not 
always  necessary.  In  large  constructions  such 
as  public  works,  and  in  smaller  structures  where 
very  important  values  are  at  stake,  laboratory 
tests  are  invariably  insisted  on.  In  all  ordinary 
work,  however,  simpler  tests,  calling  for  no  very 
elaborate  apparatus  and  requiring  no  great  de- 
gree of  technical  training,  will  be  quite  suffi- 
cient for  practical  purposes. 

In  careful  technical  supervision  of  processes 
of  manufacture,  and  consequently  in  uniformity 
and  reliability  of  product,  the  standard  Ameri- 
can brands  of  cement  have  no  equals  anywhere. 
There  is,  however,  a  possibility  that  now  and 
then  some  small  part  at  least  of  the  output  of 
the  cement  plant  may  fall  below  the  regular 
standard  in  quality;  and  for  that  reason,  on  all 
important  work,  samples  should  be  taken  from 
every  shipment — in  fact,  a  sample  from  every 
barrel — and  these  samples  should  be  tested  with 
sufficient  care  at  least  to  determine  the  presence 
or  absence  of  any  radical  defects  which  would 
render  the  material  unfit  for  use. 

The  methods  of  testing  briefly  described  be- 
low, are  in  substance  those  recommended  by  the 
Committee  on  Uniform  Tests  of  Cement,  of  the 
American  Society  of  Civil  Engfineers. 
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Samples  for  Testing.  Enough  samples  should 
be  taken  to  insure  an  average  representation  of 
the  shipment.  No  rule  can  be  laid  down  as  to 
how  many;  that  will  depend  on  the  size  and  im- 
portance of  the  work. 

The  samples  should  be  freed  from  lumps  and 
foreign  material  by  being  passed  through  a  sieve 
having  20  meshes  per  linear  inch.  This  is  also 
an  effective  method  of  mixing  several  samples 
from  the  same  shipment  to  obtain  an  average. 
Where  time  will  permit,  however,  the  samples 
should  be  tested  separately,  as  in  this  way  uni- 
formity, or  the  lack  of  it,  will  be  most  accurately 
shown.  Samples  removed  from  barrels  or  bags 
should  extend  from  the  surface  well  toward  the 
center  of  the  package. 

Chemical  Analysis.  A  chemical  analysis 
should  show  the  presence  of  adulterants,  such 
as  slag,  stone  dust,  or  other  inert  materials,  if 
these  happen  to  be  present  in  any  considerable 
quantity.  It  may  also  show  the  presence  of  cer- 
tain active  constituents,  such  as  magnesia  and 
sulphuric  anhydride,  in  harmful  excess,  though 
opinions  differ  as  to  the  proportions  of  these 
which  are  admissible.  Up  to  5  per  cent  of  mag- 
nesia and  1.75  per  cent  of  anhydrous  sulphuric 
acid  will  probably  do  no  harm. 

A  determination  of  the  principal  constituents 
of  cement — ^lime,  silica,  alumina,  iron  oxide — 
should  not  be  insisted  on  as  a  conclusive  indica- 
tion of  quality,  for  these  may  safely  vary  within 
comparatively  wide  limits.    Imperfect  prepara- 
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tion  of  the  raw  material  (such  as  insufficient 
fineness  of  grinding),  or  defective  burning,  is 
most  frequently  the  cause  of  the  trouble.  Ce- 
ment made  from  very  finely  ground  material, 
and  thoroughly  burned,  may  contain  much  more 
lime  than  the  amount  usually  present,  and  still 
be  perfectly  sound.  On  the  other  hand,  cements 
low  in  lime  may,  on  account  of  careless  prepara- 
tion of  the  raw  material,  be  of  dangerous  char- 
acter. Further,  the  ash  of  the  fuel  used  in  burn- 
ing may  so  greatly  modify  the  composition  of 
the  product  as  largely  to  destroy  the  significance 
of  the  results  of  analysis.  All  chemical  analyses, 
therefore,  should  be  supplemented  by  physical 
tests. 

Specific  Gravity.  The  specific  gravity  of 
cement  is  lowered  by  adulteration  and  hydra- 
tion, but  the  adulteration  must  be  in  considerable 
quantity  to  affect  the  results  appreciably.  Dif- 
ferences in  the  specific  gravity  of  cement  are 
usually  very  slight,  so  that  great  care  must  be 
taken  in  making  the  tests. 

The  most  convenient  apparatus  for  deter- 
mining specific  gravity  is  that  devised  by  Le 
Chatelier,  a  French  engineer,  and  illustrated  in 
Fig.  2.  It  consists  of  a  flask  D,  of  120  cubic 
centimeters  (7.32  cubic  inches)  capacity,  the 
neck  of  which  is  about  20  centimeters  (7.87 
inches)  long.  In  the  middle  of  this  neck  is  a 
bulb  C,  above  and  below  which  are  two  marks 
F  and  E,  the  volume  between  which  is  20  cubic 
centimeters  (1.22  cubic  inches).    The  neck  has 
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Fig.  2.    Le  Chatelier's  Apparatus  for  Determining  Specific  Gravity 

of  Cement. 

a  diameter  of  about  9  millimeters  (0.35  inch), 
and  is  graduated  into  tenths  of  cubic  centimeters 
above  the  mark  F.  Benzine  (62  degrees  Baume 
naphtha),  or  kerosene  free  from  water,  should 
be  used  in  making  the  test. 

There  are  two  methods  of  procedure : 

(1)  The  flask  is  filled  with  either  liquid  to  the  lower 
mark  E.  Take  64  grams  (2.25  oz.)  of  the  cement  to  be 
tested,  previously  dried  at  100  degrees  C.  (212  degrees 
F.),  and  cooled  to  the  temperature  of  the  liquid;  and 
gradually  pour  it  into  the  flask  through  the  funnel  B 
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(the  stem  of  which  reaches  down  to  top  of  bulb  C)  until 
the  upper  mark  F  is  reached.  The  difference  in  weight 
between  the  cement  remaining  and  the  original  quantity 
(64  grams),  is  the  weight  which  has  displaced  20  cubic 
centimeters. 

(2)  Or  the  whole  quantity  of  the  powder  may  be  intro- 
duced, causing  the  level  of  the  liquid  to  rise  to  some 
division  of  the  graduated  neck.  This  reading,  plus  20 
cu.  cm,,  is  the  volume  displaced  by  64  grams  of  the  cement. 

Water  might  just  as  well  be  used  as  benzine 
or  kerosene,  were  it  not  for  its  chemical  activity 
in  connection  with  cement.  If  water  were  used, 
the  cement  would  undergo  radical  changes  and 
would  not  displace  an  equivalent  volume  of 
water. 

The  specific  gravity  is  then  obtained  by  divid- 
ing the  weight  of  cement  (in  grams)  by  the  dis- 
placed volimae  (in  cubic  centimeters),  for  the 
weight  of  a  gram  is  approximately  the  same  as 
that  of  a  cubic  centimeter  of  water. 

During  the  operation,  the  flask  is  kept  im- 
mersed in  water  in  the  jar  A,  to  preserve  a 
uniform  temperature  in  the  liquid. 

The  determination  should  be  made  on  the 
cement  as  received;  and  should  it  fall  below 
3.10,  a  second  determination  should  be  made  on 
the  sample  ignited  (that  is,  exposed  to  a  blast 
flame  for,  say,  15  minutes)  at  a  low,  red  heat. 

The  results  of  tests  of  specific  gravity  may 
help  to  detect  adulteration.  In  themselves,  how- 
ever, they  are  not  necessarily  conclusive  as  an 
indication  of  the  quality  of  a  cement,  but,  in 
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combination  with  the  results  of  other  tests,  may 
afford  valuable  indications. 

Fineness.  It  is  generally  accepted  that  the 
coarser  particles  in  cement  are  practically  inert, 
and  it  is  only  the  extremely  fine  powder  that 
possesses  adhesive  or  cementing  qualities.  The 
more  finely  cement  is  pulverized,  all  other  con- 
ditions being  the  same,  the  more  sand  it  will 
carry  and  still  produce  a  mortar  of  a  given 
strength. 

The  degree  of  pulverization  is  ascertained  by 
measuring  the  residue  retained  on  certain  sieves. 
Those  known  as  the  ''No.  100"  and  "No.  200" 
sieves  are  recommended  for  this  purpose.  The 
sieves  should  be  made  of  brass  wire  cloth;  and 
should  be  circular,  about  20  cm.  (7.87  in.)  in 
diameter,  6  cm.  (2.36  in.)  high,  and  provided 
with  a  pan  5  cm.  (1.97)  in.  deep,  and  a  cover. 
The  wire  cloth  in  the  No.  100  sieve  contains  96 
to  100  meshes  to  the  linear  inch;  in  the  No.  200 
sieve,  188  to  200  meshes,  giving  respectively 
about  10,000  and  about  40,000  meshes  to  the 
square  inch.  A  quantity  weighing  50  grams 
(L76  oz.)  or  100  grams  (3.52  oz.),  dried  at  100 
degrees  C.  (21  degrees  F.)  should  be  used  for 
the  test. 

As  mechanical  sieving  is  not  so  practicable 
or  efficient  as  hand  sieving,  the  following  is  the 
method  of  procedure : 

The  thoroughly  dried  and  coarsely  screened 
3ample  is  weighed,  and  placed  on  the  No.  200 
sieve,  which,  with  pan  and  cover  attached,  is 
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held  in  one  hand  in  a  slightly  inclined  position, 
and  moved  forward  and  backward,  the  side 
being  at  the  same  time  struck  gently  with  the 
palm  of  the  other  hand,  at  the  rate  of  about  200 
strokes  per  minute.  The  operation  is  continued 
until  not  more  than  one-tenth  of  1  per  cent 
passes  through  after  one  minute  of  continuous 
sieving.  The  residue  is  weighed,  then  placed  on 
the  No.  100  sieve,  and  the  operation  repeated. 
The  work  may  be  expedited  by  placing  in  the 
sieve  a  small  quantity  of  steel  shot.  The  results 
should  be  reported  to  the  nearest  tenth  of  1  per 
cent. 

Normal  Consistency.    The  use  of  a  proper 
percentage  of  water  in  mixing  the  pastes  (mix- 


Pig.  3.    Front  and  Side  Views  of  Vicat  Needle  Apparatus  for  Test- 
ing Cement. 
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tures  of  cement  and  water)  on  which  tests  are 
made  for  time  of  setting,  soundness,  strength, 
etc.,  is  of  great  importance,  as  it  affects  vitally 
the  results  obtained.  The  quantity  of  water 
should  be  just  sufficient  to  reduce  the  cement  to 
a  certain  state  of  plasticity,  known  as  normal 
consistency.  Various  methods  have  been  pro- 
posed for  making  this  determination,  none  of 
which  has  been  found  entirely  satisfactory.  The 
Committee  recommends  the  use  of  the  Vicat 
needle  apparatus  for  this  purpose. 

This  consists  of  a  frame  K,  Fig.  3,  bearing 
a  movable  rod  L,  with  the  cap  A  at  one  end,  and 
at  the  other  the  cylinder  B,  1  cm.  (0.39  in.)  in 
diameter,  the  cap,  rod,  and  cylinder  weighing 
300  grams  (10.58  oz.).  The  rod,  which  can  be 
held  in  any  desired  position  by  a  screw  F,  carries 
an  indicator,  which  moves  over  a  scale  (gradu- 
ated to  centimeters)  attached  to  the  frame  K. 
The  paste  is  held  by  a  conical,  hard-rubber  ring 
I,  7  cm.  (2.75  in.)  in  diameter  at  the  base,  4  cm. 
(1.57  in.)  high,  resting  on  a  glass  plate  J,  about 
10  cm.  (3.94  in.)  square. 

In  making  the  determination,  the  same 
quantity  of  cement  as  will  subsequently  be 
used  for  each  batch  in  making  briquettes  for 
testing  strength  (but  not  less  than  500  grams), 
is  kneaded  into  a  paste  in  the  manner  described 
below  under  the  heading  ** Mixing  for  Tests." 
This  paste  is  quickly  formed  into  a  ball  with 
the  hands,  the  operation  being  completed  by 
tossing  the  ball  six  times  from  one  hand  to  the 
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other,  maintained  6  inches  apart.  The  ball  is 
then  pressed  into  the  rubber  ring,  through  the 
larger  opening,  smoothed  off,  and  placed  (on  its 
large  end)  on  a  glass  plate,  and  the  smaller  end 
smoothed  off  with  a  trowel.  The  paste,  confined 
in  the  ring,  resting  on  the  plate,  is  then  placed 
under  the  rod  bearing  the  cylinder,  which  is 
brought  in  contact  with  the  surface,  and  quickly 
released. 

The  paste  is  of  normal  consistency  when  the 
cylinder  penetrates  to  a  point  in  the  mass  10 
mm.  (0.39  in.)  below  the  top  of  the  ring.  Great 
care  must  be  taken  to  fill  the  ring  exactly  to 
the  top. 

The  trial  pastes  are  made  with  varying  per- 
centages of  water  until  the  correct  consistency 
is  obtained. 

The  Committee  has  recommended,  as  normal, 
a  paste  the  consistency  of  which  is  rather  wet, 
because  it  believes  that  variations  in  the  amount 
of  compression  to  which  the  briquette  is  sub- 
jected in  moulding  are  likely  to  be  less  with 
such  a  paste. 

Having  determined  in  this  manner  the  proper 
percentage  of  water  required  to  produce  a  paste 
of  nonnal  consistency,  the  proper  percentage 
required  for  the  mortars  is  obtained  from  an 
empirical  formula. 

The  determination  of  such  a  formula  is  a 
matter  on  which  no  universal  and  final  agree- 
ment has  yet  been  reached.  In  the  meantime, 
until  a  standard  formula  has  been  worked  out, 
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the  amount  of  water  to  be  used  may  be  taken 
as  that  indicated  in  Table  IX,  which  shows  the 
percentage  of  water  required  for  a  1  :  3  mixture. 
This  percentage  will  vary,  where  different 
cements  are  used,  according  to  the  percentage 
that  may  be  necessary  for  giving  normal  con- 
sistency to  the  neat  cement  paste,  as  already 
determined. 

TABLE  IX 
Percentage  of  Water  for  Standard  Sand  Mortars 


One  Cemknt 

One  Cement 

Nkat 

Three  Standard 

Neat 

Three  Standard 

Ottawa  Sand 

Ottawa  Sand 

15 

8.0 

27 

10.0 

16 

8.2 

28 

10.2 

17 

29 

lO.S 

18 

30 

10.5 

19 

31 

10.7 

20 

32 

10.8 

21 

3S 

11.0 

22 

34 

11.2 

23 

35 

11.5 

24 

36 

11.5 

25 

37 

11.7 

26 

38 

U.8 

For  example,  if  the  neat  cement  requires  18 
per  cent  of  water  for  normal  consistency,  then 
8.5  per  cent  of  water  will  be  needed  for  the  1  :  3 
mortar  mixture.  The  percentages  of  water  indi- 
cated are  percentages  by  weight,  being  based 
on  the  weight  of  the  dry  material. 

Time  of  Setting.  The  object  of  this  test  is 
to  determine  the  time  which  elapses  from  the 
moment  water  is  added  until  the  paste  ceases  to 
be  fluid  and  plastic  (called  the  initial  set),  and 
also  the  time  required  for  it  to  acquire  a  certain 
degree  of  hardness  (called  the  final  or  hard  set) . 
The  former  of  these  is  the  more  important,  since, 
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with  the  commencement  of  setting,  the  process 
of  crystallization  or  hardening  may  be  said  to 
begin.  As  a  disturbance  of  this  process  may 
produce  a  loss  of  strength,  it  is  desirable  to  com- 
plete the  operation  of  mixing  and  moulding  or 
incorporating  the  mortar  into  the  work,  before 
the  cement  begins  to  set. 

It  is  usual  to  measure  arbitrarily  the  begin- 
ning and  end  of  the  setting  by  the  penetration 
of  weighted  wires  of  given  diameters.  For  this 
purpose  the  Vicat  needle,  already  described, 
should  be  used.  A  paste  of  normal  consistency 
is  moulded  and  placed  under  the  rod  L,  Fig.  3, 
this  rod  bearing  the  cap  D  at  one  end,  and  the 
needle  H,  1  mm.  (0.039  in.)  in  diameter,  at  the 
other,  weighing  300  grams  (10.58  oz.).  The 
needle  is  then  carefully  brought  in  contact  with 
the  sui'face  of  the  paste,  and  quickly  released. 

The  setting  is  said  to  have  commenced  when 
the  needle  ceases  to  pass  a  point  5  mm.  (0.20  in.) 
above  the  upper  surface  of  the  glass  plate,  and 
is  said  to  have  terminated  the  moment  the  needle 
does  not  sink  visibly  into  the  mass. 

The  test  pieces  should  be  stored  in  moist  air 
during  the  test.  This  is  accomplished  by  placing 
them  on  a  rack  over  water  contained  in  a  pan 
and  covered  with  a  damp  cloth,  the  cloth  to  be 
kept  away  from  them  by  means  of  a  wire  screen; 
or  they  may  be  stored  in  a  moist  box  or  closet. 

Care  should  be  taken  to  keep  the  needles 
clean,  as  the  collection  of  cement  on  the  sides  of 
the  needle  retards  the  penetration,  while  cement 
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on  the  point  reduces  the  area  and  tends  to  in- 
crease the  penetration. 

The  determination  of  the  time  of  setting  is 
only  approximate,  being  materially  affected  by 
the  temperature  of  the  mixing  water,  the  tem- 
perature and  himiidity  of  the  air  during  the  test, 
the  percentage  of  water  used,  and  the  amoimt 
of  moulding  the  paste  receives. 

Sand  for  Testing.  The  sand  recommended 
as  standard  for  testing  purposes,  should  pass  a 
20-mesh  sieve,  and  leave  not  over  1  per  cent  on 
a  30-mesh  sieve  after  one  minute  of  continuous 
sifting.  These  requirements  are  met  by  the 
natural  sand  from  Ottawa,  111.,  as  before  ex- 
plained. 

Briquettes  for  Testing.  The  form  and 
dimensions  of  briquettes  for  testing  are  indi- 
cated in  Fig.  4.  The  moulds  for  the  briquettes 
should  be  strongly  made  of  brass,  bronze,  or 
other  material  equally  resistant  to  corrosion, 
and  should  be  wiped  with  an  oily  rag  before 
using.  Gang  moulds,  permitting  several 
briquettes  to  be  made  at  one  time,  are  pref- 
erable to  single  moulds,  as  the  greater  quantity 
of  mortar  that  can  be  mixed  tends  to  give 
greater  uniformity  in  the  results. 

Mixing  for  Tests.  All  proportions  should 
be  stated  by  weight;  the  quantity  of  water  to  be 
used  should  be  stated  as  a  percentage  of  the  dry 
material. 

The  metric  system  is  recommended  because 
of  the  convenient  relation  of  the  gram  and  the 
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Fig.  4.    Details  of  Cement  Briquette  for  Testing. 

cubic  centimeter,  one  gram  (the  metric  unit  of 
weight)  being  approximately  equal  to  the 
weight  of  1  cubic  centimeter  of  pure  water  at 
its  maximum  density. 

The  temperature  of  the  room  and  the  mix- 
ing water  should  be  as  near  21  degrees  C.  (70 
degrees  F.)  as  it  is  practicable  to  maintain  it. 

The  sand  and  cement  should  be  thoroughly 
mixed  dry.    The  mixing  should  be  done  on  some 
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non-absorbing  surface,  preferably  plate  glass. 
If  the  mixing  must  be  done  on  an  absorbing 
surface,  it  should  be  thoroughly  dampened  prior 
to  use. 

The  quantity  of  material  to  be  mixed  at  one 
time  depends  on  the  number  of  test  pieces  to  be 
made;  about  1,000  grams  (35.28  oz.)  makes  a 
convenient  quantity  to  mix,  especially  by  hand 
methods. 

The  Committee,  after  investigation  of  the 
various  mechanical  mixing  machines,  has  de- 
cided not  to  recommend  any  machine  that  has 
thus  far  been  devised,  for  the  following  reasons : 

(a)  The  tendency  of  most  cement  is  to  "ball  up"  in 
the  machine,  thereby  preventing  the  working  of  it  into 
a  homogeneous  paste. 

(b)  There  are  no  means  of  ascertaining  when  the 
mixing  is  complete,  without  stopping  the  machine. 

(c)  It  is  hard  to  keep  the  machine  clean. 

The  material  is  weighed,  and  placed  on  the 
mixing  table.  A  crater  is  formed  in  the  cen- 
ter, into  which  the  proper  percentage  of  clean 
water  is  poured;  the  material  on  the  outer  edge 
is  turned  into  the  crater  by  the  aid  of  a  trowel. 
As  soon  as  the  water  has  been  absorbed,  which 
should  not  require  more  than  one  minute,  the 
operation  is  completed  by  vigorously  kneading 
with  the  hands  for  an  additional  1%  minutes, 
the  process  being  similar  to  that  used  in  knead- 
ing dough.  A  sand-glass  affords  a  convenient 
guide  for  the  time  of  kneading.     During  the 
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operation  of  mixing,  the  hands  should  be  pro- 
tected by  gloves,  preferably  of  rubber. 

Moulding.  Having  worked  the  paste  or 
mortar  to  the  proper  consistency,  it  is  at  once 
placed  in  the  moulds  by  hand.  The  material 
should  be  pressed  in  firmly  with  the  fingers,  and 
smoothed  off  with  a  trowel,  without  ramming. 
The  material  should  be  heaped  up  on  the  upper 
surface  of  the  mould;  and,  in  smoothing  off,  the 
trowel  should  be  drawn  over  the  mould  in  such 
a  manner  as  to  exert  a  moderate  pressure  on  the 
excess  material.  The  mould  should  then  be 
turned  over,  and  the  operation  repeated. 

A  check  upon  the  uniformity  of  the  mixing 
and  moulding  is  afforded  by  weighing  the 
briquettes  just  prior  to  immersion,  or  upon 
removal  from  the  moist  closet.  Briquettes 
which  vary  in  weight  more  than  3  per  cent  from 
the  average,  should  not  be  tested. 

Storage  of  Test  Pieces.  During  the  first  24 
hours  after  moulding,  the  test  pieces  should  be 
kept  in  moist  air  to  prevent  them  from  drying 
out.  A  moist  closet  or  chamber  is  so  easily 
devised  that  the  use  of  the  damp  cloth  should  be 
abandoned  if  possible.  Covering  the  test  pieces 
with  a  damp  cloth — as  is  commonly  done — ^is 
objectionable  because  the  cloth  may  dry  out 
unequally,  in  which  case  the  test  pieces  are  not 
all  maintained  under  the  same  conditions. 
Where  a  moist  closet  is  not  available,  a  cloth 
may  be  used,  but  should  be  kept  uniformly  wet 
by  immersing  the  ends  in  water.    It  should  also 
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be  kept  from  direct  contact  with  the  test  pieces, 
by  means  of  a  wire  screen  or  some  similar 
arrangement. 

A  moist  closet  consists  of  a  soapstone  or  slate 
box,  or  a  metal-lined  wooden  box,  the  metal 
lining  being  covered  with  felt,  and  this  felt  kept 
wet.  The  bottom  of  the  box  is  so  constructed 
as  to  hold  water,  and  the  sides  are  provided 
with  cleats  for  holding  glass  shelves  on  which  to 
place  the  briquettes.  Care  should  be  taken  to 
keep  the  air  in  the  closet  uniformly  moist. 

After  24  hours  in  moist  air,  the  test  pieces 
for  longer  periods  of  time  should  be  immersed 
in  water  maintained  as  near  21  degrees  C.  (70 
degrees  F.)  as  practicable;  they  may  be  stored 
in  tanks  or  pans,  which  should  be  of  non- 
corrodible  material. 

Tensile  Strength.  Tests  for  tensile  strength 
may  be  made  on  any  standard  testing  machine. 
Solid  metal  clips  of  the  form  shown  in  Fig.  5 
are  recommended.  The  clips  should  be  used 
without  cushioning  at  the  points  of  contact  with 
the  test  specimen.  The  bearing  at  each  point  of 
contact  should  be  %  inch  wide,  and  the  distance 
between  the  centers  of  contact  on  the  same  clip 
should  be  1^4  inches. 

Test  pieces  should  be  tested  to  the  point  of 
failure  or  rupture,  as  soon  as  they  are  removed 
from  the  water.  Care  should  be  observed  to 
center  the  briquettes  in  the  testing  machine,  as 
cross-strains,  produced  by  improper  centering, 
tend  to  lower  the  breaking  strength.  The  load 
should  not  be  applied  too  suddenly,  as  it  may 
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produce  vibration,  the  shock  from  which  often 
breaks  the  briquette  before  the  ultimate 
strength  is  reached.  Care  must  be  taken  that 
the  clips  and  the  sides  of  the  briquette  be  clean 


Fig.  6.    Form  of  Clip  Used  for  Holding  Cement  Briquette  in  Test 
for  Tensile  Strength. 


and  free  from  grains  of  sand  or  dirt,  which 
would  prevent  a  good  bearing.  The  load  should 
be  applied  at  the  rate  of  600  lbs.  per  minute. 
The  average  of  the  briquettes  of  each  sample 
tested  should  be  taken  as  the  test,  excluding 
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any  of  the  results  which  are  manifestly  faulty. 

Constancy  of  Volume.  The  object  of  this 
test  is  to  detect  those  qualities — ^if  any  are 
present — which  tend  to  destroy  the  strength 
and  durability  of  a  cement.  As  it  is  highly 
essential  to  determine  such  qualities  at  once, 
tests  of  this  character  are  generally  made  in  a 
very  short  time,  and  are  known,  therefore,  as 
accelerated  tests.  Failure  is  revealed  by  crack- 
ing, checking,  swelling,  distortion,  or  disinte- 
gration, or  all  of  these  phenomena.  A  cement 
which  remains  perfectly  sound  is  said  to  be  of 
constant  volume. 

Tests  for  constancy  of  volume  are  divided 
into  two  classes:  (1)  Normal  tests,  or  those 
made  in  either  air  or  water  maintained  at  about 
21  degrees  C.  (70  degrees  F.);  and  (2)  Accel- 
erated tests,  or  those  made  in  air,  steam,  or  water 
at  a  temperature  of  45  degrees  C.  (115  degrees 
F.)  and  upward.  The  test  pieces  should  be 
allowed  to  remain  24  hours  in  moist  air  before 
immersion  in  water  or  steam,  or  preservation 
in  air. 

For  these  tests,  pats  about  7^/^  cm.  (2.95  in.) 
in  diameter,  I14  cm.  (0.49  in.)  thick  at  the  cen- 
ter, and  tapering  to  a  thin  edge,  should  be  made, 
upon  a  clean  glass  plate  about  10  cm.  (3.94  in.) 
square,  from  cement  paste  of  normal  consist- 
ency. In  making  the  pats,  the  greatest  care 
should  be  exercised  to  avoid  initial  strains  due 
to  moulding  or  to  too  rapid  drying-out  during 
the  first  24  hours.    The  pats  should  be  preserved 
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under  the  most  uniform  conditions  possible,  and 
rapid  changes  of  temperature  should  be  avoided. 

In  the  normal  test,  a  pat  is  immersed  in 
water  maintained  as  near  21  degrees  C.  (70 
degrees  F.)  as  possible,  for  28  days,  and  ob- 
served at  intervals.  A  similar  pat,  after  24 
hours  in  moist  air,  is  maintained  in  air  at  ordi- 
nary temperature,  and  observed  at  intervals. 

In  the  accelerated  test,  a  pat  is  exposed  in 
any  convenient  way  in  an  atmosphere  of  steam, 
above  boiling  water,  in  a  loosely  closed  vessel, 
for  5  hours.  To  accomplish  this,  the  use  of  the 
apparatus  illustrated  in  detail  in  Fig.  6  is 
recommended. 

To  pass  these  tests  satisfactorily,  the  pats 
should  remain  firm  and  hard,  and  show  no 
signs  of  cracking,  distortion,  or  disintegration. 
Should  the  pat  leave  the  plate,  distortion  may 
be  detected  best  with  a  straight-edge  applied  to 
the  surface  which  was  in  contact  with  the  plate. 

In  the  present  state  of  our  knowledge,  it 
cannot  be  said  that  cement  should  necessarily 
be  condemned  simply  for  failure  to  pass  the 
accelerated  tests;  nor  can  a  cement  be  consid- 
ered entirely  satisfactory  simply  because  it  has 
passed  these  tests.  Accelerated  tests,  there- 
fore, are  to  be  taken  merely  as  precautionary 
measures,  not  as  infallible  and  final  guides. 
Should  a  cement  fail  to  meet  the  requirements 
of  the  accelerated  test,  it  may  be  kept  for  28 
days,  and  then  tested  again.  Failure  at  this 
time  would  probably  indicate  sufficient  cause 
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for  rejection,  though  passing  the  test — as 
already  noted — would  not  necessarilj  indicate 
perfect  soundness,  and  the  result  of  other  tests 
should  also  be  taken  into  consideration. 

STANDARD  SPECIFICATIONS  FOR 

CEMENT 

The  requirements  which  a  cement  must 
meet  in  order  to  be  recognized  as  of  ** standard'* 
quality,  are  outlined  by  the  Committee  on 
Standard  Specifications  for  Cement,  of  the 
American  Society  for  Testing  Materials,  in 
substance  as  follows: 

General  Conditions.  All  cement  shall  be 
inspected — either  at  the  place  of  manufacture 
or  on  the  work. 

In  order  to  allow  ample  time  for  inspecting 
and  testing,  the  cement  should  be  stored  in  a 
suitable  weather-tight  building  having  the  floor 
properly  blocked  or  raised  from  the  ground, 
and  should  be  easy  of  access  for  proper  inspec- 
tion and  identification  of  each  shipment. 

Every  facility  shall  be  provided  by  the  con- 
tractor, and  a  period  of  at  least  twelve  days 
allowed  for  the  inspection  and  necessary  tests. 

Cement  shall  be  delivered  in  suitable  pack- 
ages, with  the  brand  and  name  of  manufacturer 
plainly  marked  thereon. 

A  bag  of  cement  shall  contain  94  pounds  of 
cement,  net.  Each  barrel  of  Portland  cement 
shall  contain  4  bags,  and  each  barrel  of  natural 


124  CEMENT   CONSTRUCTION 

cement  shall  contain  3  bags  of  the  above  net 
weight. 

Cement  failing  to  meet  the  7-day  require- 
ments may  be  held  awaiting  the  results  of  the 
28-day  tests  before  rejection. 

All  tests  shall  be  made  in  accordance  with 
the  methods  proposed  by  the  Committee  on  Uni- 
form Tests  of  Cement,  of  the  American  Society 
of  Civil  Engineers  (see  above). 

The  acceptance  or  rejection  shall  be  based 
on  the  following  requirements : 

Specifications  for  Natural  Cement 

Fineness.  A  natural  cement  shall  leave  by 
weight  a  residue  of  not  more  than  10  per  cent 
on  the  No.  100,  and  30  per  cent  on  the  No.  200 
sieve. 

Time  of  Setting.  It  shall  not  develop  initial 
set  in  less  than  10  minutes,  and  shall  not  develop 
hard  set  in  less  than  30  minutes,  or  in  more 
than  3  hours. 

Tensile  Strength.  The  minimum  require- 
ments for  tensile  strength  for  briquettes  one 
inch  square  in  cross-section,  shall  be  within  the 
following  limits,  and  shall  show  no  retrogression 
in  strength  within  the  periods  specified: 

NEAT  CEMENT 

Agb  Strength 

24  hours   in  moist  air 50-100  lbs. 

7  days   (1  day  in  moist  air,     6  days  in  water) 100-200    " 

28  days  (1  day  in  moist  air,  27  days  in  water) 200-300    " 

ONE  PART  CEMENT,  THREE  PARTS  STANDARD  SAND 

7  days  (1  day  in  moist  air,     6  days  in  water) 25-  75  lbs. 

28  days   (1  day  in  moist  air,  27  days  ia  water) 75-150    " 
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For  example,  the  minimum  requirement  for 
the  24-hour  neat  cement  test  should  be  some 
specified  value  within  the  limits  of  50  and  100 
pounds;  and  so  on  for  each  period  stated. 

If  the  minimum  strength  is  not  specified, 
the  mean  of  the  above  values  shall  be  taken  as 
the  minimum  strength  required. 

Constancy  of  Volume.  Pats  of  neat  cement 
about  three  inches  in  diameter,  one-half  inch 
thick  at  center,  tapering  to  a  thin  edge,  shall  be 
kept  in  moist  air  for  a  period  of  24  houi's.  One 
pat  shall  then  be  kept  in  air  at  normal  tempera- 
ture; and  another  kept  in  water  maintained  as 
near  70  degrees  F.  as  practicable. 

These  pats  are  observed  at  intervals  for  at 
least  28  days,  and,  to  satisfactorily  pass  the 
tests,  should  remain  firm  and  hard,  and  show 
no  signs  of  distortion,  checking,  cracking  or 
disintegration. 

Specifications  for  Portland  Cement 

Specific  Gravity.  The  specific  gravity  of 
the  cement,  ignited  at  a  low  red  heat,  shall  be 
not  less  than  3.10,  and  the  cement  shall  not 
show  a  loss  in  weight,  on  ignition,  of  more  than 
4  per  cent. 

To  determine  the  loss  on  ignition,  place  half 
a  gram  of  cement  in  a  platinum  crucible,  set  in 
a  hole  in  an  asbestos  board  so  that  about  three- 
fifths  of  the  crucible  projects  below  the  board. 
Expose  the  crucible  to  blast  flame  for  15  min- 
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utes,  preferably  with  an  inclined  flame.  The 
loss,  found  on  weighing,  should  be  checked  by  a 
second  blasting  of  5  minutes. 

Fineness.  The  cement  shall  leave  by  weight 
a  residue  of  not  more  than  8  per  cent  on  the 
No.  100,  and  not  more  than  25  per  cent  on  the 
No.  200  sieve. 

Time  of  Setting.  It  shall  not  develop  initial 
set  in  less  than  30  minutes,  and  must  develop 
hard  set  in  not  less  than  1  hour,  nor  more  than 
10  hours. 

Tensile  Strength.  The  minimum  require- 
ments for  tensile  strength  for  briquettes  one 
inch  square  in  section,  shall  be  within  the  fol- 
lowing limits,  and  shall  show  no  retrogression 
in  strength  within  the  periods  specified: 

NEAT  CEMENT 

AOB  SlRBNGTH 

24  hours  in   moist  air 150-200  lbs. 

7  days  (1  day  in  moist  air,  6  days  in  water) 450-550    " 

28  days  (1  day  in  moist  air,  27  days  in  water) 550-650    " 

ONE  PART  CEMENT,  THREE  PARTS  SAND 

7  days  (1  day  in  moist  air,  6  days  In  water) 150-200  IbB, 

28  days   (1  day  in  moist  air,  27  days  in   water) 200-300    " 

For  example,  the  minimum  requirement  for 
the  24-hour  neat  cement  test  should  be  some 
specified  value  within  the  limits  of  150  and  200 
pounds;  and  so  on  for  each  period  stated. 

If  the  minimiun  strength  is  not  specified,  the 
mean  of  the  above  values  shall  be  taken  as  the 
minlTnum  strength  require. 

Constancy  of  Volume.  Pats  of  neat  cement 
about  three  inches  in  diameter,  one-half  inch 
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thick  at  the  center,  and  tapering  to  a  thin  edge, 
shall  be  kept  in  moist  air  for  a  period  of  24 
hours.  One  pat  shall  then  be  kept  in  air  at  nor- 
mal temperature,  and  observed  at  intervals  for 
at  least  28  days.  Another  pat  shall  be  kept  in 
water  maintained  as  near  70  degrees  F.  as  prac- 
ticable, and  observed  at  intervals  for  at  least  28 
days.  A  third  pat  shall  be  exposed  in  any  con- 
venient way  in  an  atmosphere  of  steam,  above 
boiling  water,  in  a  loosely  closed  vessel,  for  5 
hours  (see  Fig.  6). 

These  pats,  to  satisfactorily  pass  the  require- 
ments, shall  remain  firm  and  hard,  and  show 
no  signs  of  distortion,  checking,  cracking,  or 
disintegration. 

Sulphuric  Acid  and  Magnesia.  The  cement 
shall  not  contain  more  than  1.75  per  cent  of 
anhydrous  sulphuric  acid  (SO3),  nor  more  than 
4  per  cent  of  magnesia  (MgO). 

Easily-Made  Testing  Apparatus 

Mr.  W.  Purves  Taylor,  engineer  of  the 
Municipal  Testing  Laboratories  of  Philadelphia, 
Pa.,  has  devised  simple  methods  of  testing  that 
in  a  general  way  are  suited  to  the  requirements 
of  cement  users,  and  for  which  all  the  necessary 
apparatus  can  easily  be  made  by  anyone  of 
ordinary  mechanical  ability.  These  simple 
methods  of  testing  are  described  as  follows: 

Soundness.  Take  about  half  a  pound  of 
cement,  place  it  on  a  clean  surface  of  metal  or 


128 


CEMENT   CONSTRUCTION 


glass,  and  form  it  into  a  crater.  Into  the  center 
of  the  crater  pour  about  a  fifth  of  its  weight  of 
water,  and  mix  thoroughly  by  hand  or  with  a 
trowel  for  a  couple  of  minutes,  until  a  stiff  and 
uniform  paste  is  obtained.  Make  a  ball  of  the 
paste  about  2  inches  in  diameter,  and  drop  it  on 
the  table  from  a  height  of  about  2  feet.  If  the 
ball  flattens  more  than  half  its  depth,  the  paste 
is  too  wet;  if  it  cracks  badly,  it  is  too  dry.  If 
necessary,  add  more  cement  or  more  water,  mix 
thoroughly,  and  test  until  the  right  consistency 
is  obtained;  then  mould  two  balls  about  2  inches 
in  diameter. 
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Fig.  7.    Method  of  Testing  for  Soundness. 

Take  a  tin  can  which  has  a  tightly  fitting 
cover,  and  bend  into  it  a  piece  of  wire  netting, 
as  shown  in  Fig.  7,  about  2  inches  from  the  bot- 
tom. Put  about  an  inch  of  water  in  the  bottom 
of  the  can,  place  one  of  the  balls  on  the  netting, 
cover  the  can,  and  put  it  away  in  a  cool  place 
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"GAUNTT"  CONCRETE  MIXER. 

Combined   continuous   and   batch   type,   automatically 
proportioning. 


"FERGUSON"   COMBINATION   BATCH  AND 
CONTINUOUS  MIXER. 


"NATIONAL"  CONCRETE  MIXER. 
Automatically   proportioning,   batcii   or   continuous. 


^ 


Charging  End. 


Discharging  End, 

'ECLIPSE"  CONCRETE  MrXER  MOUNTED  ON  TRUCK  WITH  GASOLINE 

ENGINE. 

A  rotarj^  mixer  of  batch  type,  with  side  discharge.    See  page  276, 
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for  24  hours.  Then  fill  the  can  with  water  to 
cover  the  ball,  remove  the  cover,  and  place  the 
can  on  a  stove  at  such  a  heat  that  the  water  will 
boil  in  about  half  an  hour.  Let  it  boil  gently 
then  for  three  hours.  Have  a  second  vessel  of 
boihng  water  beside  the  can;  and,  as  the  water 
evaporates  from  the  first  vessel,  replace  it  with 
the  boiling  water  from  the  second  one.  Never 
add  cold  water.  After  boiling  three  hours, 
remove  the  ball,  and  examine  it. 

A  good  Portland  cement  will  always  pass 
this  test,  and  the  ball  will  remain  sound  and 
hard.  If  the  ball  is  disintegrated,  or  if  it  is 
checked  or  cracked,  it  generally  indicates  in- 
ferior quality  and  imtrustworthy  material. 
Sometimes  failure  in  boiling  is  caused  by  the 
material  being  too  fresh,  and,  on  a  second  test 
made  a  month  or  so  later,  the  cement  will  pass, 
showing  that  the  expansive  elements  have  be- 
come hydrated  and  thus  inert.  In  general,  how- 
ever, it  is  on  the  safe  side  never  to  use  cement 
that  fails  in  boiling.  If  it  fails  at  first,  store  it 
away  for  a  month,  and  then  test  again.  If  it 
still  fails,  it  is  better  not  to  use  it. 

Time  of  Setting.  Put  the  second  ball,  made 
as  previously  described,  in  a  place  protected 
from  the  sun  or  any  other  source  of  heat,  and 
from  any  strong  current  of  air.  At  the  end  of 
twenty  minutes,  examine  it;  then  put  it  away, 
and  examine  it  again  in  ten  hours.  The  ball, 
at  twenty  minutes,  should  still  be  soft  and  pli- 
able, damp  on  the  surface,  and  should  not  feel 
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warm.  At  ten  hours  it  should  be  dry,  firm,  and 
hard  enough  so  that  a  firm  pressure  of  the 
thumb  nail  will  make  no  impression  on  it.  If 
the  cement  begins  to  harden  or  feel  warm  in 
less  than  twenty  minutes,  it  is  generally  inad- 
visable to  use  it,  since  setting  will  have  begun 
before  the  mortar  or  concrete  is  moulded,  and 
the  result  will  be  a  weak  and  easily  disinte- 
grated product.  It  is,  of  course,  possible  to 
retemper  such  cement  and  obtain  excellent 
results;  but  this  process  requires  considerable 
skill  and  experience,  and  therefore  is  not  usually 
to  be  recommended;  moreover,  it  always  means 
at  least  some  slight  loss  in  strength. 

Quick-setting  cement  often  becomes  slower 
by  storage  for  a  month  or  two,  so  that  it  may  be 
better  to  keep  such  material  for  that  length  of 
time  than  to  attempt  to  use  it  earlier  at  the  risk 
of  poor  results.  A  cement  that  does  not  harden 
in  ten  hours  may  ultimately  give  good  results; 
but  the  slow  setting  will  much  delay  the  progress 
of  the  work,  and  may  cause  injury  in  removing 
the  moulds  or  striking  the  centers.  Safe  prac- 
tice will  require  cement  to  set  between  the  stated 
limits. 

Purity.  Take  as  much  cement  as  may  be 
lifted  on  a  five-cent  piece,  and  place  it  in  a  china 
or  glass  dish.  Pour  on  it  a  mixture  of  1  part  of 
water  and  3  parts  of  muriatic  (hydrochloric) 
acid,  using  a  quantity  equal  to  about  three  times 
the  volume  of  cement.  Pure  Portland  cement 
effervesces  violently  for  a  second  or  two,  and 
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then  forms  a  yellowish  jelly.  A  continued  effer- 
vescence shows  adulteration  with  limestone  or 
natural  cement.  Cinders  or  sand,  if  present, 
will  be  shown  in  a  sediment  at  the  bottom  of  the 
jelly.  The  presence  of  slag  is  shown  by  the 
characteristic  putrid  odor  of  hydrogen  sulphide 
(sulphuretted  hydrogen).  Cement  containing 
any  of  these  adulterations  or  impurities  should 
not  be  used. 


Fig.  8.    Moulds  for  Simple  Tests. 

Strength.  It  is  hard  to  determine  the 
strength  of  a  cement  mortar  by  any  simple 
method,  and  obtain  results  of  even  approximate 
accuracy.  The  following,  however,  is  probably 
the  best  simple  method: 

Make  a  mould,  as  shown  in  Fig.  8,  of  a  planed 
board  and  some  one-inch  strips  of  wood.  Fasten 
the  top  strip  to  the  board,  and  place  the  others 
on  loosely,  in  the  manner  indicated  in  the  dia- 
gram, holding  them  in  place  by  the  wedges  at 
the  bottom,  thus  forming  moulds  for  three 
prisms  or  bars  of  mortar  1  inch  by  1  inch  by  12 
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inches  long.  Take  special  care  that  the  cross- 
sections  of  the  prisms  are  exactly  one  square 
inch. 

Take  mortar  from  the  mixing  box,  or  make 
some  of  1  part  cement  and  3  parts  sand,  thor- 
oughly mixed  dry  and  then  wetted  to  form  a 
stiff  mortar;  and  fill  the  moulds,  pressing  the 
material  in  firmly,  and  smoothing  the  tops  with 
a  trowel.  The  moulds  should  be  oiled  slightly 
to  prevent  mortar  from  sticking.  Put  the 
moulds  away  in  a  cool  and,  if  possible,  a  damp 
place,  for  24  hours.  Then  remove  the  prisms  of 
mortar,  and  place  them  in  fresh  water,  neither 
hot  nor  cold,  for  6  or  for  27  days.  Any  prisms 
that  are  chipped  or  otherwise  defective  should 
be  discarded.  Make  the  apparatus  shown  in 
Fig.  9  with  a  board,  a  round  piece  of  wood  about 
an  inch  in  diameter,  and  a  pail.  The  bottom 
bearing  edges  are  made  by  cutting  the  round 
piece  of  wood  in  half,  and  are  fastened  to  the 
board  exactly  10  inches  apart,  center  to  center. 
The  center  bearing  is  a  round  piece  of  wood 
from  which  a  pail  is  suspended  by  a  cord. 

When  the  test  pieces  are  7  or  28  days  old, 
place  them,  still  wet,  on  the  apparatus  as  shown 
in  the  cut,  taking  care  that  the  upper  strip  is 
exactly  in  the  center  and  at  right  angles  with 
the  prism.  Adjust  the  pail  so  that  it  is  just  off 
the  ground  and  exactly  under  the  specimen;  and 
then  slowly  pour  sand  into  it  until  the  prism 
breaks.  Carefully  weigh  the  bucket,  with  the 
cord  and  strip  still  attached;  this  will  indicate 
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the  load  that  stressed  the  bar  to  the  failing  point. 
If  the  prism  is  not  exactly  one  inch  square,  cor- 
rect the  weight  by  dividing  it  by  the  product  of 
its  width  times  the  square  of  its  depth  in  inches. 


Fig.  9.    Method  of  Testing  Strength. 

The  approximate  strength  of  the  mortar  may 
then  be  computed  as  follows: 

Tensile  strength  equals  center  load  multi- 
plied by  10. 

Compressive  strength  equals  center  load  mul- 
tiplied by  50. 

If  the  average  of  three  prisms  tested  in  this 
manner  shows  a  tensile  strength  of  less  than  120 
pounds  at  7  days,  or  180  pounds  at  28  days,  on 
1:3  mixture,  something  is  radically  wrong  with 
either  the  cement  or  the  sand,  and  the  fault 
should  be  thoroughly  investigated. 

Tests  made  by  this  method  are,  of  course,  far 
from  being  accurate,  but  nevertheless  give  a 
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very  fair  indication  of  the  value  of  the  material. 
In  determining  the  relative  value  of  different 
sands  intended  for  use,  they  will  often  give  most 
valuable  and  useful  information. 

Crude  as  these  tests  may  be  said  to  be,  they 
are  vastly  superior  to  no  tests  at  all,  and  should 
be  of  much  assistance  to  the  small  user  in  secur- 
ing good  material.  Insist  on  cement  that  will 
boil  and  set  normally,  and  most  of  the  dangers 
of  inferior  cement  will  be  avoided. 

Another  simple  method  of  testing  by  which 
the  user  may  ascertain  the  soundness  of  the 
cement  he  purposes  to  use,  is  as  follows : 

Make  three  cakes  of  cement,  thicker  in  the 
middle  than  on  the  edges.  Allow  one  to  remain 
in  moist  air  for  24  hours,  and  then  steam  it  4 
hours.  The  second  cake  should  be  exposed  in 
moist  air,  and  the  third  be  immersed  in  water. 
The  results  in  the  case  of  the  second  and  third 
cakes  should  be  noted  at  intervals  during  28 
days.  If  the  cement  is  sound,  it  will  not  disinte- 
grate; but  if  it  shows  expansion  cracks  on  the 
edges  of  any  of  the  cakes,  it  is  not  sound. 

CHOICE  OF  CONCRETE  MIXTURES 

Having  learned  how  to  select  good  materials 
and  how  to  proportion  them  so  as  to  obtain  con- 
crete of  any  desired  strength  up  to  maximum, 
the  next  important  requirement  for  the  concrete 
worker  is  that  he  shall  know  how  to  decide  upon 
the  proper  mixture  to  use  for  any  particular 
kind  of  work. 
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Mixtures  of  greatly  different  strength  and 
greatly  different  cost,  as  already  explained,  can 
be  made  from  the  same  materials,  by  simply 
combining  them  in  different  proportions.  The 
particular  mixture  to  use  will  depend  princi- 
pally upon  the  kind  of  service  that  will  be 
required  of  the  concrete — upon  whether  it  will 
have  to  bear  heavy  or  light  loads  and  withstand 
great  or  small  stresses;  whether  or  not  it  will 
be  subjected  to  hard  and  rough  wear;  whether  it 
is  to  be  covered  or  left  exposed,  above  ground 
or  underground;  whether  it  will  have  to  with- 
stand water  pressure,  etc.  If  a  man,  for  ex- 
ample, builds  a  concrete  sidewalk  from  the 
kitchen  steps  to  the  back  gate,  he  will  naturally 
require  a  different  mixture  from  that  he  would 
use  in  making  a  water-tank  or  cistern;  and  for 
the  face  of  the  sidewalk  he  will  hardly  use  the 
same  coarse  and  cheap  mixtiu-e  that  will  serve 
very  well  for  the  sub-base.  It  is  important, 
therefore,  to  know  how  to  serve  the  purposes  of 
economy  as  well  as  structural  stability,  in  deter- 
mining what  mixtures  shall  be  used  in  the  differ- 
ent kinds  of  construction  and  even  in  different 
parts  of  the  same  work. 

Kinds  of  Mixtures 

Concrete  mixtures  are  classified  in  two  differ- 
ent ways — (1)  as  to  consistency,  or  relative  wet- 
ness; and  (2)  as  to  richness,  or  relative  quantity 
of  cement. 


136  CEMENT   CONSTRUCTION 

Wetness  of  Mixture.  Classified  according  to 
relative  wetness,  there  are  three  kinds  of  mix- 
ture commonly  used  in  concrete  work — ^namely, 
Very  Wet,  Medium,  and  Dry.  Their  distin- 
guishing f eatm^es  ai'e  as  follows : 

Very  Wet  Mixture.  Concrete  wet  enough  to 
be  mushy  and  to  run  off  a  shovel  in  handling. 
Used  for  reinforced  work,  such  as  thin  walls, 
floors,  or  other  thin  sections,  reinforced  columns, 
tanks,  conduits,  etc.  Practically  no  ramming  is 
necessary,  but  spading  should  be  done  next  to 
the  forms,  to  insure  burial  of  the  coarser  aggre- 
gate and  the  formation  of  an  unbroken  face  by 
the  cement  grout. 

Medium  Mixture.  Concrete  just  wet  enough 
to  make  it  jelly-like,  so  that  it  will  quake  on 
tamping.  Used  for  some  reinforced  work,  but 
chiefly  for  foundations,  floors,  and  massive  con- 
structions, such  as  retaining  walls,  piers,  abut- 
ments, arches,  etc.  Ramming  with  tamper  or 
treading  with  feet  necessary  to  remove  air- 
bubbles  and  fill  voids.  A  man  stepping  on  a  pile 
of  this  concrete  would  sink  ankle-deep.  Spading 
also  necessary  for  same  reason  as  in  the  very 
wet  mixture. 

Dry  Mixture.  Concrete  like  damp  earth. 
Used  for  foundations,  etc.,  where  it  is  important 
that  the  concrete  shall  set  as  quickly  as  possible. 
Should  be  placed  in  layers  4  to  6  inches  deep  at  a 
time,  and  thoroughly  tamped  until  the  water 
comes  to  the  surface.  In  dry  concrete,  it  is  only 
by  thorough  tamping  that  the  danger  of  the 
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formation  of  pockets  which  would  weaken  the 
concrete  can  be  avoided.  Careful  spading 
should  also  be  done  next  the  forms. 

The  drier  the  mixture,  the  sooner  the  con- 
crete will  set.  Any  quantity  of  water  that  falls 
below  the  minimum  necessary  for  thorough 
hydration  of  the  cement,  is,  of  coui'se,  not  to  be 
allowed  in  any  case,  for  then  the  concrete  would 
be  weak  and  crumbly;  but  beyond  this  point  the 
addition  of  more  or  less  water  does  not  seem  to 
have  an}^  very  important  bearing  upon  the  ulti- 
mate strength  of  the  concrete,  provided  the  mix- 
ing is  thoroughly  done  and  the  concrete  properly 
deposited.  A  liberal  use  of  water,  however, 
besides  increasing  plasticity  and  ease  of  work- 
ing, renders  easier  the  insuring  of  a  thorough 
mixture  and  the  securing  of  great  density.  In 
reinforced  concrete  work,  a  dry  mixture  is  not 
at  all  satisfactory,  since  it  is  more  difficult,  and 
hence  more  costly,  to  handle  than  a  wet  mixture, 
will  not  penetrate  and  fill  all  spaces  between  the 
reinforcing  steel  members  so  as  to  insure  the 
thorough  bond  that  is  required,  must  be  pro- 
tected wdth  greater  care  from  the  sun  or  from 
di'ying  too  quickly,  and,  unless  great  skill  is  used 
in  spading  it,  will  show  voids  or  pockets  in  the 
face  of  the  work  when  the  forms  are  removed. 
The  prevailing  tendency  in  present-day  practice, 
therefore,  is  toward  the  medium  or  very  wet 
mixtures. 

In  the  specifications  of  the  American  Railway 
Engineering  and  Maintenance  of  Way  Associ- 
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ation  (1903),  the  required  consistency  of  con- 
crete is  specified  as  follows : 

"The  concrete  shall  be  of  such  consistency  that  when 
dumped  in  place  it  will  not  require  tamping.  It  shall 
be  spaded  down,  and  tamped  sufficiently  to  level  off,  and 
will  then  quake  freely  like  jelly,  and  be  wet  enough  on 
top  to  require  the  use  of  rubber  boots  by  workmen." 

Richness  of  Mixture.  When  classified  ac- 
cording to  relative  richness  in  cement,  concrete 
mixtures  are  distinguished  under  four  different 
headings — namely,  Rich,  Medium,  Ordinary,  and 
Lean. 

Rich  Mixture.  A  1:2:4  concrete — that  is,  a 
mixture  containing  ingredients  in  the  propor- 
tion of  1  barrel  (4  bags)  of  packed  Portland 
cement  just  as  it  comes  from  the  manufacturer, 
to  2  barrels  (7.6  cubic  feet)  of  loose  sand,  to  4 
barrels  (15.2  cubic  feet)  of  loose  gravel  or  broken 
stone— would  be  called  a  rich  mixture.  This 
gives  a  very  strong  concrete  adapted  to  all  kinds 
of  reinforced  work  that  will  be  subjected  to  very 
heavy  loads  and  stresses,  such  as  reinforced 
floors,  arches,  beams,  girders,  columns,  founda- 
tions for  heavy  vibrating  machinery,  etc.  It  is 
also  used  where  water-tightness  and  air-tight- 
ness are  desired,  as  in  the  construction  of  reser- 
voirs, water  conduits,  silos,  tanks,  cisterns, 
troughs,  culverts,  building  walls,  etc. 

Medium  Mixture.  A  1:2.5:5  concrete— that 
is,  in  the  proportions  of  1  barrel  (4  bags)  Port- 
land cement,  to  2.5  barrels  (9.5  cubic  feet)  loose 
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sand,  to  5  barrels  (19  cubic  feet)  loose  gravel  or 
broken  stone — would  be  called  a  medium  mix- 
ture. This  also  gives  a  very  strong  concrete,  and 
is  adaptable  to  ordinary  machine  foundations, 
thin  foundation  walls,  building  walls,  arches, 
ordinary  ground  floors,  sidewalks,  gutters, 
sewers,  culverts,  etc. 

Ordinary  Mixture.  A  1:3:6  concrete — that 
is,  in  the  proportions  of  1  barrel  (4  bags)  Port- 
land cement,  to  3  barrels  (11.4  cubic  feet)  loose 
sand,  to  6  barrels  (22.8  cubic  feet)  loose  gravel  or 
broken  stone — would  be  called  an  ordinary  mix- 
ture. This  gives  a  strong  concrete,  but  of  less 
strength  than  either  a  medium  or  a  rich  mixture. 
It  is  adaptable  to  massive  work,  such  as  heavy 
walls,  retaining  walls,  piers,  abutments,  etc., 
which  will  be  subjected  to  considerable  strain. 
It  is  sometimes  used  for  reinforced  concrete  in 
floors  and  walls;  but  is  more  generally  used  with- 
out reinforcement,  in  foundations,  footings, 
ground  floors,  sidewalks,  gutters,  etc. 

Lean  Mixture.  A  1:4:8  concrete — that  is,  in 
the  proportions  of  1  barrel  (4  bags)  Portland 
cement,  to  4  barrels  (15.2  cubic  feet)  loose  sand, 
to  8  barrels  (30.4  cubic  feet)  loose  gravel  or 
broken  stone — would  be  called  a  lean  mixture. 
This  gives  a  concrete  weak  in  tensile  strength, 
but  of  considerable  compressive  strength,  and 
therefore  specially  adaptable  to  comparatively 
unimportant  massive  work  where  the  concrete 
will  be  subjected  only  to  plain  compressive 
strains,  as  in  large  and  thick  foundations  sup- 
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porting  stationary  loads,  backing  for  stone 
masonry,  sub-bases  for  sidewalks,  driveways, 
etc. 

As  a  rough  guide  that  will  enable  the  concrete 
worker  or  contractor  to  tell  at  a  glance  approxi- 
mately the  kind  of  mixture  appropriate  for 
various  classes  of  work,  Table  X  has  been  com- 
piled. The  indications  of  mixtures  given  in  the 
table  must  not  be  taken  as  exact  and  final  speci- 
fications for  any  one  of  the  particular  kinds  of 
work  mentioned,  but  merely  as  approximate 
guides  to  what  is  average  current  practice.  No 
hard  and  fast  lines  of  universal  application  can 
be  di^awn  which  will  set  off  certain  mixtures  as 
the  only  ones  adaptable  to  certain  kinds  of  work. 
The  allowable  mixtures  are  separated  by  no  well- 
defined  boundaries,  but  merge  into  one  another 
by  insensible  degrees;  and  a  considerable  vari- 
ation from  the  indicated  proportions  may  not 
only  be  permissible  in  some  cases,  but  may  even 
be  advisable  for  the  sake  of  strength  as  well  as  of 
economy. 

Variations  Allowable  in  Mixtures.  If,  for 
example,  the  aggregates  are  well  graded,  and 
their  proportions  carefully  determined  by  one  of 
the  methods  before  described,  smaller  propor- 
tions of  cement  may  be  used  for  each  class  of 
work.  If,  on  the  other  hand,  the  sand  is  very 
fine,  the  quantity  of  cement  should  be  increased 
10  to  15  per  cent.  Instances  of  construction  will 
occur  in  which  the  strength  of  concrete  required 
for  safety  may  be  obtained  from  almost  any  mix- 
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TABLE  X 

Approximate  Mixtures  Adaptable  to  Various  Classes  of  Work 
Eich,  1:2:4;  Medium,  1:  2.5:5;  Ordinary,  1:3:6;  Lean,  1:4:8 


Kind  of  Work  Mixtdrb 

Abutments  Rich  to  Ordinary 

Arches    Rich  to  Medium 

Backing  for  Masonry Lean 

Beams,  Reinforced Rich  to  Medium 

Plain Rich  to  Medium 

Cisterns     Rich  to  Medium 

Columns,  Reinforced   Rich 

Conduits,    Water    Rich 

Coping   Rich  to  Medium 

Culverts,  Reinforced   Medium  to  Ordinary 

Plain Medium  to  Ordinary 

Driveways     Same  as  Sidewalks 

Fence  Posts    Rich 

Floors,  Reinforced   Rich  to  Ordinary 

■■     Ordinary  Ground Medium  to  Ordinary 

Footings    Ordinary  to  Lean 

Foundations,  Heavy  Vibrating 

Machinery   Rich 

"     Ordinary   Machinery. ...  Medium 

"     Thin  Walls Rich  to  Medium 

"     Thick   Walls Medium  to  Lean 

Girders,  Reinforced Rich  to  Medium 

Plain Same  as  Beams 

Cutters    Same  as  Sidewalks 

Pavements     Same  as  Sidewalks 

Piers    Rich  to  Ordinary 

Reservoirs    Rich  to  Medium 

Roof  Slabs    Medium  to  Ordinary 

Sewers,   Reinforced    Rich   to   Medium 

•'      Plain Medium 

Sidewalks    (Base)    Medium  to  Ordinary 

"     (Sub-Base) Ordinary  to  Lean 

Silos     Rich  to  Medium 

Tanks     Rich  to  Medium 

Walls,  Dwelling  Houses Rich  to  Medium 

"     Large  Buildings Rich  to  Medium 

(Compression     and     Ten- 
sion) 

"     Large  Buildings Medium  to  Ordinary 

(Compression  Only) 

"     Massive    Medium  to  Ordinary 

"     Retaining Medium  to  Ordinary 

"     ahln    Foundations Rich   to  Medium 

"     Tunnel   Medium  to  Ordinary 


COXSISTENCY 


Medium 

Medium 

Medium   to  Dry 

Very  Wet 

Very  Wet  to  Medium 

Very  Wet  to  Medium 

Very  Wet 

Very  Wet 

Medium 

Medium 

Medium 

Very  Wet  to  Medium 
Very  Wet  to  Medium 
Medium 
Medium 

Very  Wet  to  Medium 

Medium 

Very  Wet  to  Medium 

Medium  to  Dry 

Very   Wet 


Medium 

Very  Wet  to  Medium 

Medium 

Medium 

Medium 

Medium  to  Dry 

Medium   to   Dry 

Very  Wet  to  Medium 

Very  Wet  to  Medium 

Very  Wet  to  Medium 

Very  Wet  to  Medium 


Medium 

Medium 

Medium 

Very  Wet  to  Medium 

Medium 


ture  ranging  from  lean  to  rich;  and  in  such  cases, 
choice  of  mixture  will  probably  be  dictated  by 
considerations  of  cost  or  by  empirical  rules  based 
on  what  has  been  found  most  advantageous  in 
actual  practice. 
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Measuring  Out  Quantities  for  Mixing 

The  problem  of  giving  a  table  for  measuring 
out  exactly  the  proper  quantities  to  be  mixed 
together  in  making  concrete,  would  be  compara- 
tively simple  if  a  uniform  standard  were  adopted 
for  either  the  weight  or  the  volume  of  the  pack- 
ages (barrels  or  bags)  which  are  shipped  by 
different  manufacturers  of  cement.  There  is, 
however,  no  such  thing  as  a  standard  barrel  or 
a  standard  bag,  both  the  weight  and  the  size  of 
these  packages  varying  considerably  with  the 
different  brands.  A  1:2:4  mixture,  using  any 
one  brand,  will  give  a  concrete  differing  some- 
what from  a  mixture  ostensibly  the  same  in  pro- 
portions, but  using  another  brand.  Moreover,  a 
barrel  of  packed  Portland  cement  is  considerably 
increased  in  volume  when  dumped  loose;  and 
here  again  there  will  be  some  slight  variation 
among  the  different  brands.  A  barrel,  for  ex- 
ample, containing  3.5  to  3.8  cubic  feet  of  packed 
cement  will  give  a  volume  ranging  somewhat 
over  4  cubic  feet  when  dumped  loose.  It  is 
therefore  absolutely  impossible  to  compile  any 
working  table  indicating  volumes  and  weights 
for  mixtures  which  will  be  capable  of  universal 
application  and  which  will  at  the  same  time 
insure  an  absolute  uniformity  of  mixture  irre- 
spective of  what  brand  of  cement  is  used.  For- 
tunately, however,  the  character  of  Portland 
cement  concrete  is  such  as  to  allow  considerable 
leeway  in  the  matter  of  proportioning;   and 
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these  small  variations — unavoidable  in  general 
construction  work — are  not  sufficient  to  affect 
seriously  the  quality  or  strength  of  the  con- 
crete. Moreover,  it  is  always  possible  to  be  on 
the  safe  side. 

Some  authorities,  for  the  sake  of  simplicity 
in  proportioning  and  measuring,  consider  that 
1  bag  Portland  cement=l  cubic  foot=100  lbs., 
thus  making  1  barrel=400  lbs.  It  is,  however, 
a  closer  approach  to  actual  facts  as  found  in 
practice,  to  take  the  average  weight  of  a  barrel 
as  380  lbs.,  thus  making  the  weight  of  a  bag 
95  lbs. 

Throughout  the  present  work,  unless  other- 
wise expressly  stated,  all  proportions  will  be 
given  by  volume,  not  by  weight. 

Very  often,  in  plain  concrete  work,  such  as 
foundation  or  sidewalk  construction,  the  mate- 
rials are  measured  from  wheelbarrows  or 
buckets  whose  capacities  have  been  accurately 
determined,  or  in  some  other  simple  and  fairly 
reliable  manner.  The  use  of  more  uniform  and 
accurate  methods  of  measuring,  however,  is 
recommended;  and  in  all  cases,  measurements 
should  at  least  be  checked  up — especially  when 
there  is  any  change  in  the  quantity  desired,  as, 
for  example,  in  batches  requiring  less  than  full 
wheelbarrow  loads. 

A  convenient  form  of  measuring  box  can  be 
made  from  any  kind  of  rough  boards.  It  may 
be  rectangular  in  shape  with  perpendicular 
sides,  and  should  be   provided   with   a   short 


144  CEMENT   CONSTRUCTION 

handle  at  each  corner  (see  Plate  3).  It  should 
have  no  top  or  bottom,  being  filled  only  at  the 
place  of  mixing,  and  emptied  by  being  simply 
lifted  up.  It  should  be  of  three  or  four  cubic 
feet  capacity,  and  may  be  graduated  so  that  one, 
two,  or  more  cubic  feet  can  be  accurately 
measured. 

In  measuring,  do  not  pack  or  ram  the  mate- 
rial. Sand,  gravel,  and  stone  should  be  meas- 
ured loose.  Simply  shovel  in  the  loose  material, 
strike  off  level  across  the  top,  and  lift  the  box 
away. 

Tables  for  Measuring  Materials 

The  importance  of  the  tables  which  engi- 
neers have  compiled  for  the  convenience  of 
practical  workers  in  all  lines  of  construction, 
cannot  be  too  strongly  insisted  upon.  They  are 
the  richest  fruitage  of  practical  experience, 
being  based  on  a  great  multitude  of  notes,  meas- 
urements, and  observations  made  in  connection 
with  actual  examples  of  construction,  and  are 
veritable  treasure-stores  of  practical,  labor- 
saving  information.  It  is  not  necessary  for  the 
ordinary  worker  in  concrete,  or  steel,  or  any 
other  form  of  material,  to  attempt  the  imprac- 
ticable task  of  exploring  all  the  highways  and 
byways  where  the  testing  engineer  finds  him- 
self at  home.  Tables  are  available  which  will 
cover  every  phase  of  every  construction  prob- 
lem likely  to  be  met  with  in  ordinary  practice; 
and  a  little  familiarity  with  the  use  of  these 


Mounted  on  Trucks  with  Steam  Power. 


Mixer  with  Power  Side-Loading  Equip- 
ment. 

"CLOVER  LEAF"  CX)XCRETE  MIXER 
See  page  271. 


"SYSTEMATIC"  CONCRETE  MIXER. 

Combined   batch    and   continuous    type;    automatically   pro- 
portioning. 


"SIMPSON"  MIXER. 
Adaptable  to  mixing  concrete,  mortar,  fertilizer,  etc. 
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tables  will  enable  anyone  to  take  advantage  of 
the  immense  labors  of  others,  and  to  bring  to 
bear  on  any  problem  confronting  him  the  results 
of  the  widest  experience  and  the  highest  skill. 

In  measuring  out  the  quantities  required 
for  mixing  concrete,  it  may  be  necessary  to  pro- 
ceed in  dijffierent  ways.  We  may,  for  example, 
have  to  mix  in  small  batches,  and  shall  need  to 
know  how  much  sand  and  gravel  to  lay  out  for 
two  or  three  bags  of  cement  at  a  time;  or  we 
may  have  to  decide  on  the  quantities  as  required 
per  cubic  yard  of  the  space  to  be  filled  with 
concrete;  etc. 

Several  tables  will  therefore  be  given,  meet- 
ing these  different  conditions;  and  by  reference 
to  these  tables  the  quantities  required  for  any 
ordinary  mixture  can  be  determined  almost  at 
a  glance. 

Quantities  for  Batch  Mixing.  Tables  XI 
and  XII,  compiled  by  Percy  H.  Wilson  and 
Clifford  W.  Gaylord,  show  the  quantities  for  a 
2-bag  batch.  A  3-bag  batch  will  require  half 
as  much  more  of  each  ingredient;  a  4-bag  batch, 
just  double  the  amount;  and  so  on.  If  the  aggre- 
gates used  are  sand  and  crushed  stone  or  gravel, 
use  Table  XI;  if  natural-bank  sand  and  gravel 
already  mixed,  use  Table  XII. 

From  these  tables  the  quantities  requii-ed 
for  batches  of  any  size  can  easily  be  calculated 
in  the  manner  above  described.  They  will 
simply  be  increased  or  diminished  in  proportion 
with  the  cement.    Thus  the  quantities  indicated 
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TABLE  XI 

Quantities  of  Materials,  and  Resulting  Amount  of  Concrete,  for  a 

Two-Bag  Batch 

Aggregates — Sand  and  Broken  Stone  or  Screened  Gravel 


Mixture 

Quantities  op  Material 
Required 

Amount 

OF 

Concrete 
Obtained 

Size  of  Measuring 

Boxes 
(Inside  Dimensions) 

Water 

FOR 

Medium 
Wet 

Cement 

Sand 

Stone  or 
Gravel 

Sand: 

Stone  or 
Gravel 

Mixture 

Cu.  Ft. 

Bags 

Cu.Ft. 

Cu.  Ft. 

Gallons 

1:2:4 
1:3:6 

2 
2 

5% 

IIK 

8^ 
12 

2'  X  2'  X 
ll>ii" 

2'  X  3'  X 
UH" 

2'  X  4'  X 

3'  X  4'  X 
IVA" 

10 

by  the  tables — which  are  for  2-bag  batches — 
would  have  to  be  doubled  for  a  4-bag  batch; 
trebled  for  a  6-bag  batch;  etc. 

Measure  the  water  with  a  bucket.  This  will 
give  more  uniform  results  than  using  a  hose. 
The  number  of  gallons  indicated  in  the  tables  is 
only  approximate.  Try  it  on  the  first  batch; 
and  if  the  mixture  is  made  too  wet,  reduce  the 
amount  of  water;  if  too  dry,  increase  the 
amount,  so  as  to  get  the  desired  consistency. 

Suppose,  for  example,  that  we  wish  to  con- 
struct a  silo.  This  calls  for  a  certain  amount  of 
rich  mixture  1 :2 :4  (see  Table  X) .  If  a  natural 
mixture  of  sand  and  gravel  is  not  obtainable, 
we  shall  have  to  mix  these  ingredients  our- 
selves, possibly  using  crushed  stone  instead  of 
gravel,  and  shall  therefore  have  to  use  Table  XI. 
If,  on  the  other  hand,  a  natural  bank  of  sand 
and  gravel  is  near  by,  we  shall  take  our  aggre- 
gate from  that,  and  in  that  case  shall  use 
Table  XH. 
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Assume  the  latter  case.  We  shall  probably 
have  first  to  screen  out  the  excess  of  fine  mate- 
rial so  as  to  get  a  well-graded  aggregate,  for 
natural   mixtures    ordinarily    contain   far   too 

TABLE  xn 

Quantities  of  Materials,  and  Resulting  Amount  of  Concrete,  for  a 

Two-Bag  Batch 

Aggregate — A  Natural  Mixture  of  Sand  and  Gravel 


Proportions 
BY  Parts 

Quantities  op 
Material 
Required 

Amount 

OP 

Concrete 
Obtained 

Size  op 

Measuring 

Boxes 

(Inside 
Dimensns) 

Water 

Mixture 

Cement 

Natur'l 
Mixture 
OP  Sand 

and 
Gravel 

Cement 

Natur'l 
Mixture 
OP  Sand 

AND 

Gravel 

POR 

Medium 

Wet 
Mixture 

Bags 

Cu.  Ft. 

Cu.  Ft. 

Gallons 

1:2:4 
1:3:6 

1 
1 

4 

6 

2 

2 

12 

2'  X  4'  X 
IVA" 

8'  X  4'  X 

10 
13Ji 

much  sand  or  finer  material.  Then,  simply 
turning  to  Table  XII,  we  look  for  1:2:4  under 
the  heading ' '  Mixture, ' '  Reading  across  toward 
the  right,  we  find  under  the  heading  ''Quanti- 
ties of  Material  Required,"  that  we  shall  have 
to  measure  out  7l^  cubic  feet  of  the  natural 
mixture  of  sand  and  gravel  for  every  2  bags  of 
cement  used.  The  next  column  shows  that 
every  such  batch  will  give  us  81/^  cubic  feet  of 
concrete;  and  under  "Size  of  Measuring  Boxes" 
we  learn  that  the  mixed  sand  and  gravel  for  a 
batch  should  just  fill  a  box  2  feet  wide,  4  feet 
long,  and  11^2  inches  deep,  inside  dimensions. 
Ten  gallons  of  water  may  be  tried  in  mixing  the 
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first  batch,  but  the  quantity  may  have  to  be 
increased.  This  will  depend  somewhat  on  the 
way  the  aggregate  is  graded,  and  the  amount  of 
fine  material  present. 

Possibly  we  may  have  figured  out  the  num- 
ber of  cubic  feet  of  concrete  that  will  be  required 
on  a  job,  and  our  cement  will  be  in  barrels 
instead  of  bags.  In  that  case,  Table  XIII  will 
be  found  useful,  as  it  shows  the  quantities  of 
cement  and  aggregates  in  one  cubic  foot  of 
concrete  of  varying  mixtures. 

TABLE  xin 
Ingredients  in  One  Cubic  Foot  of  Concrete 


Mixture 

Quantities  op  Materials 

Cement 

Sand 

Stone  or  Gravel 

1:2:4 
1:3:6 

.058  bbl. 
.041    " 

.0163  cu.  yd. 
.0174       •' 

.0326  cu.  yd. 
.0348       " 

For  example,  suppose  the  work  consists  of  a 
concrete  silo  requiring  in  all  935  cu.  ft.  of  con- 
crete, of  which  750  cu.  ft.  is  to  be  1:2:4  concrete, 
and  185  cu.  ft.  is  to  be  1:3:6  concrete.  Also 
enough  sand  and  cement  is  needed  to  paint  the 
silo  inside  and  outside,  in  all  400  sq.  yds.  of  sur- 
face, with  a  1:1  mixture  of  sand  and  cement. 
One  cu.  ft.  of  1:1  mortar  will  paint  about  15 
sq.  yds.  of  surface,  and  requires  0.1856  barrel  of 
cement  and  0.0263  cu.  yd.  of  sand.  Then  we 
have : 
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Cement — 

750  cu.  ft.  of  1 :2  :4  concrete  is  750X.058  =43.5  bbls. 
185  cu.  ft.  of  1 :3  :6  concrete  Is  185X.041  =  7.6     " 

Painting  is  4^X.1856=  4.9     " 

Total   cement    56.0  bbls. 

Sand — 

750  cu.  ft.  of  1 :2  :4  concrete  is  750X.0163=12.25  cu.  yds. 
185  cu.  ft.  of  1 :3  :6  concrete  is  185X.0174=  3.25     " 

Painting  is  j|2x.0263=     .75     "       " 

Total  sand  16.25  cu,  yds. 

Stone  or  Gravel — 

750  cu.  ft.  of  1 :2  :4  concrete  is  750x.0326=24.5  cu.  yds. 

185  cu.  ft.  of  1 :3  :6  concrete  is  185X.0348=  6.5     "  " 

Total  stone  or  gravel 31.0  cu.  yds. 
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Thus  the  necessary  quantities  of  materials 
are :  56  bbls.  of  Portland  cement ;  I614  cu.  yds. 
of  sand;  31  cu.  yds.  of  stone  or  gravel. 

It  is  always  wise  to  order  two  or  three  extra 
barrels  of  cement,  if  the  dealer  is  at  considerable 
distance,  as  this  avoids  any  possible  trouble  that 
a  shortage  might  cause.  Besides,  any  cement 
left  over  always  comes  in  handy  for  repair  work 
around  the  house  or  bam. 


TABLE  XIV 
Materials  for  One  Cubic  Yard  of  Concrete 


Proportions 

Bbls.  Cement 

Bbls.  Sand 

Bbls.  Gravel  or  Stone 

1:2:4 

1:2.5:5 

1:3:6 

1:4:8 

1.57 
1.20 
1.10 
0.85 

3.14 
3.23 
3.30 
3.40 

6.28 
6.45 
6.60 
6.80 

Quantities  per  Cubic  Yard.  Any  table  giv- 
ing the  quantities  to  be  used  in  mixing  concrete 
by  the  cubic  yard,  can  be  only  approximate. 
Varying  fineness  in  the  sand,  or  varying  com- 
pactness in  the  concrete  due  to  ramming,  may 
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TABLE  XV 
Amount  of  Material  Required  for  One  Cubic  Yard  Eammed  Con- 
crete of  Varying  Mixture 


Mixture 

Stone,  1-inch 

and  under,  dust 

screened  out 

Stone,  2^-inch 

and  under,  dust 

screened  out 

Stone,  2M-inch, 
WITH  most 

SMALL  stone 
SCREENED  OUT 

GRAVEL,5i-INCH 
AND  UNDER 

a 

a 

CO 

n 
a 

03 
Q 

Q 
1:3 

m 

a 

a 

i 

n 
n 

CO 

a 

CO* 

a 

8 

H 

B 

o 

H 

g 

5 

H 

8 

O 

H 

B 

i4 

H 

Q 

2; 

§ 

cJ 

fi 

H 

fe 

in 

o 

^ 

S 

^ 

O 

t^ 

» 

o 

g 

S5 

o 

a 

» 

-<i 

H 

-<J 

H 

P^ 

<! 

H 

H 

-» 

(n 

H 

■<l 

M 

O 

oi 

oa 

o 

cn 

03 

o 

02 

W 

o 

ta 

o 

1     1.0 

2.0 

2.57 

0.39 

0.78 

2.63 

0.40 

0.80 

2.72 

0.41 

0.83 

2.30 

0.35 

0.74 

1     1.0 

2.5 

2.29 

0.35 

0.70 

2.34 

0.36 

0.89 

2.41 

0.37 

0.92 

2.10 

0.32 

0.80 

1     1.0 

3.0 

2.06 

0.31 

0.94 

2.10 

0.32 

0.96 

2.16 

0.33 

0.98 

1.89 

0.29 

0.86 

1     1.0 

3.5 

1.84 

0.28 

0.98 

1.88 

0.29 

1.00 

1.88 

0.29 

1.05 

1.71 

0.26 

0.91 

1      1.5 

2.5 

2.05 

0.47 

0.78 

2.09 

0.48 

0.80 

2.16 

0.49 

0.82 

1.83 

0.42 

0.73 

1      1.5 

3.0 

1.85 

0.42 

0.84 

1.90 

0.43 

0.87 

1.96 

0.45 

0.89 

1.71 

0.39 

0.78 

1     1.5 

3.5 

1.72 

0.39 

0.91 

1.74 

0.40 

0.93 

1.79 

0.41 

0.96 

1.57 

0.36 

0.83 

1      1.5 

4.0 

1.57 

0.36 

0.96 

1.61 

0.37 

0.98 

1.64 

0.38 

1.00 

1.46 

0.33 

0.88 

1     1.5 

4.5 

1.43 

0.33 

0.98 

1.46 

0.33 

1.00 

1.51 

0.35 

1.06 

1.34 

0.31 

0.91 

1     2.0 

8.0 

1.70 

0.52 

0.77 

1.73 

0.53 

0.79 

1.78 

0.54 

0.81 

1.54 

0.47 

0.73 

1      2.0 

3.5 

1.57 

0.48 

0.83 

1.61 

0.49 

0.85 

1.66 

0.50 

0.88 

1.44 

0.44 

0.77 

1      2.0 

4.0 

1.46 

0.44 

0.89 

1.48 

0.45 

0.90 

1.53 

0.47 

0.93 

1.34 

0.41 

0.81 

1     2.0 

4.5 

1.36 

0.42 

0.93 

1.38 

0.42 

0.95 

1.43 

0.43 

0.98 

1.26 

0.38 

0.86 

1     2.0 

5.0 

1.27 

0.39 

0.97 

1.29 

0.39 

0.98 

1.33 

0.39 

1.03 

1.17 

0.36 

0.89 

1      2.5 

3.5 

1.45 

0.55 

0.77 

1.48 

0.56 

0.79 

1.51 

0.58 

0.81 

1.32 

0.50 

0.70 

1      2.5 

4.0 

1.35 

0.52 

0.82 

1.38 

0.53 

0.84 

1.42 

0.54 

0.87 

1.24 

0.47 

0.75 

1      2.5 

4.5 

1.27 

0.48 

0.87 

1.29 

0.49 

0.88 

1.33 

0.51 

0.91 

1.16 

0.44 

0.80 

1      2.5 

5.0 

1.19 

0.46 

0  91 

1.21 

0.46 

0.92 

1.26 

0.48 

0.96 

1.10 

0.42 

0.83 

1      2.5 

5.5 

1.13 

0.43 

0.94 

1.15 

0.44 

0.96 

1.18 

0.44 

0.99 

1.03 

0.39 

0.86 

1      2.5 

6.0 

1.07 

0.41 

0.97 

1.07 

0.41 

0.98 

1.10 

0.41 

1.03 

0.98 

0.37 

0.89 

1     3.0 

4.0 

1.26 

0.58 

0.77 

1.28 

0.58 

0.78 

1.32 

0.60 

0.80 

1.15 

0.52 

0.72 

1     3.0 

4.5 

1.18 

0.54 

0.81 

1.20 

0.55 

0.82 

1.24 

0.57 

0.85 

1.09 

0.50 

0.75 

1     3.0 

5.0 

1.11 

0.51 

0.85 

1.14 

0.52 

0.87 

1.17 

0.54 

0.89 

1.03 

0.47 

0.78 

1      3.0 

5.5 

1.06 

0.48 

0.89 

1.07 

0.49 

0.90 

1.11 

0.51 

0.93 

0.97 

0.44 

0.81 

1     3.0 

6.0 

1.01 

0.46 

0.92 

1.02 

0.47 

0.93 

1.06 

0.48 

0.97 

0.92 

0.42 

0.84 

1      3.0 

6.5 

0.96 

0.44 

0.95 

0.98 

0.44 

0.96 

1.00 

0.45 

1.01 

0.88 

0.40 

0.87 

1     3.0 

7.0 

0.91 

0.42 

0.97 

0.92 

0.42 

0.98 

0.94 

0.42 

1.05 

0.84 

0.38 

0.80 

1      3.5 

5.0 

1.05 

0.56 

0.80 

1.07 

0.57 

0.82 

1.11 

0.59 

0.85 

0.96 

0.50 

0.76 

1     3.5 

5.5 

1.00 

0.53 

0.84 

1.02 

0.54 

0.85 

1.06 

0.56 

0.89 

0.92 

0.48 

0.78 

1      3.5 

6.0 

0.95 

0.50 

0.87 

0.97 

0.51 

0.89 

1.00 

0.53 

0.92 

0.88 

0.46 

0.80 

1     3.5 

6.5 

0.92 

0.49 

0.91 

0.93 

0.49 

0.92 

0.96 

0.51 

0.95 

0.83 

0.44 

0.82 

1      3.5 

7.0 

0.87 

0.47 

0.93 

0.89 

0.47 

0.95 

0.91 

0.49 

0.98 

0.80 

0.43 

0.85 

1     3.5 

7.5 

0.84 

0.45 

0.96 

0.86 

0.45 

0.98 

0.86 

0.47 

1.01 

0.76 

0.41 

0.87 

1      3.5 

8.0 

0.80 

0.42 

0.97 

0.82 

0.43 

1.01 

0.81 

0.45 

1.04 

0.73 

0.39 

0.89 

1     4.0 

6.0 

0.90 

0.55 

0.82 

0.92 

0.56 

0.84 

0.95 

0.58 

0.87 

0.83 

0.51 

0.77 

1      4.0 

6.5 

0.87 

0.53 

0.85 

0.88 

0.53 

0.87 

0.91 

0.55 

0.90 

0.80 

0.49 

0.79 

1      4.0 

7.0 

0.83 

0.51 

0.89 

0.84 

0.51 

0.90 

0.87 

0.53 

0.93 

0.77 

0.47 

0.81 

1     4.0 

7.5 

0.80 

0.49 

0.91 

0.81 

0.50 

0.93 

0.84 

0.51 

0.96 

0.73 

0.44 

0.83 

1     4.0 

8.0 

0.77 

0.47 

0.93 

0.78 

0.48 

0.95 

0.81 

0.49 

0.98 

0.71 

0.43 

0.86 

1      4.0 

8.5 

0.74 

0.45 

0.95 

0.76 

0.46 

0.98 

0.78 

0.47 

1.01 

0.68 

0.42 

0.88 

1     4.0 

9.0 

0.71 

0.43 

0.97 

0.73 

0.44 

1.01 

0.75 

0.45 

1.04 

0.65 

0.40 

0.89 

1     5.0 

9.0 

0.66 

0.50 

0.90 

0.67 

0.52 

0.93 

0.70 

0.53 

0.96 

0.61 

0.46 

0.83 

1     5.0 

10.0 

0.62 

0.47 

0.95 

0.63 

0.48 

0.96 

0.65 

0.50 

1.00 

0.57 

0.43 

0.87 
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affect  the  quantities  by  10  per  cent  in  any 
direction. 

Table  XIV,  showing  the  number  of  barrels 
of  cement,  sand,  and  gravel  required  for  one 
cubic  yard  of  concrete  of  different  mixtures,  will 
therefore  serve  a  useful  purpose  only  for 
estimating  roughly  the  quantities  and  cost  of 
materials. 

A  more  nearly  accurate  determination  can  be 
made  by  referring  to  Table  XV,  which  indicates 
the  number  of  barrels  of  Portland  cement,  and 
the  fraction  of  a  cubic  yard  of  both  sand  and 
stone,  required  for  making  one  cubic  yard  of 
rammed  concrete  of  variously  proportioned 
mixtures  with  different  coarse  aggregates. 

Measuring  According  to  Voids.  As  an  ap- 
proximate guide  to  the  use  of  Table  XV  and 
other  tables,  where  a  determination  of  voids  has 
been  made,  it  may  be  pointed  out  that  45  per 
cent  voids  in  the  coarse  aggregate  would  indi- 
cate the  average  conditions,  and  would  be  about 
what  is  found  in  broken  stone  with  dust  screened 
out ;  40  per  cent  voids  would  correspond  to  gravel 
or  mixed  stone  and  gravel;  50  per  cent  voids 
would  indicate  poor  grading,  as  in  an  aggregate 
screened  to  uniform  size;  while  30  per  cent  voids 
and  under  would  indicate  an  aggregate  graded 
with  great  care. 

Where  voids  have  been  determined  in  both 
sand  and  coarse  aggregate,  the  upper  part  of 
Table  XVI,  which  may  be  taken  as  representing 
average  conditions,  will  be  found  useful. 


152 


CEMENT   CONSTRUCTION 


TABLE  XVI 

Ingredients  in  One  Cul>ic  Yard  of  Concrete 

(H.  P.  Gillette) 

Sand  voids  40%.     Stone  voids  45%.     Barrel  of  Portland  Cement 

containing  3.65  cu.  ft.  of  paste.     Barrel  specified  3.8  cu.  ft. 


Proportions  bt  Volume 

1:2:4 

1:2:5 

1:2:6 

1:2.5:5 

1:2.5:6 

1:3:4 

Bbls,  cement  per  cu.  yd.  concrete 

Cu.  yds,  sand 

Cu.  yds.  stone 

1.46 
0.41 
0.82 

1.30 
0.36 
0.90 

1.18 
0.33 
1.00 

1.13 

0.40 
0.80 

1.00 
0.35 
0.84 

1.25 
0.53 
0.71 

Proportions  by  Volume 

1:3:5 

1:3:6 

1:3:7 

1:4:7 

1:4:8 

1:4:9 

Bbls.  cement  per  cu.  yd.  concrete 

Cu.yds.sand    " 

Cu.  yds.  stone 

1.13 
0.48 
0.80 

1.05 
0.44 
0.88 

0.96 
0.40 
0.83 

0.82 
0.46 
0.80 

0.77 
0.43 
0.86 

0.73 
0.41 
0.92 

Where  the  voids  are  the  same  as  in  the  upper 
part  of  Table  XVI,  but  the  cement  is  measured 
loose  in  a  box  after  dumping  from  a  barrel,  the 
quantities  should  be  determined  from  the  lower 
part  of  the  table,  as  under  such  conditions  a  bar- 
rel of  cement  yields  4.4  cu.  ft.  of  loose  cement: 


Proportions  by  Volume 

1:2:4 

1:2:5 

1:2:6 

1:2.5:5 

1:2.5:6 

1:3:4 

Bbls.  cement  per  cu.  yd,  concrete 

Cu.yds.sand 

Cu.  yds.  stone 

1.30 
0.42 
0.84 

1.16 

0.38 
0.95 

1.00 
0.33 
1.00 

1.07 
0.44 
0.88 

0.96 
0.40 
0.95 

1.08 
0.53 
0.71 

Proportions  by  Volume 

1:3:5 

1:3:6 

1:3:7 

1:4:7 

1:4:8 

1:4:01 

Bbls.  cement  per  cu.  yd.  concrete 

Cu.yds.sand '          "       

Cu.  yds.  stone 

0.96 
0.47 
0.78 

0.90 
0.44 
0.88 

0.82 
0.40 
0.93 

0.75 
0.49 
0.86 

0.68 
0.44 
0.88 

0.64 
0.42 
0.95 

From  the  above  table  it  will  be  seen  that  the 
following  rule  can  be  deduced:  Add  together 
the  number  of  parts,  and  divide  this  sum  into  10; 
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the  quotient  will  be  approximately  the  number 
of  barrels  per  cubic  yard.  Thus,  for  1 :2 :5  con- 
crete, the  sum  of  the  parts  is  8,  and  10^-8=1.25 
barrels  of  cement  per  yard,  which  is  approxi- 
mately equal  to  1.30,  the  amount  called  for  by 
the  table. 

MIXING  OF  CONCRETE 

The  methods  of  mixing  concrete  vary  greatly 
in  detail,  but  may  be  broadly  divided  under  two 
heads — mixing  by  hand  and  mixing  by  ma- 
chinery. A  further  distinction  is  made  among 
mixing  processes,  which  may  be  either  batch 
mixing  or  continuous  mixing.  Batch  mixing,  as 
the  name  implies,  is  an  intermittent  process,  the 
ingredients  being  measured  out,  and  the  mixing 
done  for  only  a  ''batch"  or  limited,  definite 
quantity  at  one  time.  Continuous  mixing  is 
always  done  by  machinery,  the  materials  being 
fed  to  the  machine  in  an  uninterrupted  stream, 
continuously  during  the  entire  mixing  process. 
Batch  mixing  may  be  done  either  by  hand  or  by 
machine.  In  machine  mixing,  both  continuous 
and  batch,  the  proportioning  of  ingredients  is 
sometimes  done  automatically  by  the  machine 
itself. 

Hand  Mixing  vs.  Machine  Mixing.  A  choice 
as  between  hand  mixing  and  machine  mixing 
will  depend  chiefl}^  on  considerations  of  cost. 
Both  methods  will  produce  equally  good  con- 
crete if  sufficient  care  is  taken  to  insure  a  thor- 
ough and  uniform  mixture.    This  is  harder  to 
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make  sure  of  with  hand  than  with  machine  mix- 
ing, for,  with  the  increasing  fatigue  of  a  day's 
work,  and  possibly  that  carelessness  of  work- 
manship which  is  bred  of  familiarity  and  mo- 
notony, a  workman  will  naturally  and  inevitably 
show  some  falling-ofE  in  sharpness  of  attention 
and  thoroughness  of  work  toward  the  close  of 
the  day.  Therefore,  even  with  the  closest  su- 
pervision kept  up  by  a  good  foreman,  hand- 
mixed  concrete  is  likely  to  be  not  quite  so  strong 
or  so  uniform  in  quality  as  the  machine-mixed 
product — and  this  may  be  the  case  without  any 
intentional  neglect  on  the  part  of  workmen. 

Under  any  method  of  mixing — ^hand  or  ma- 
chine— a  careful  and  constant  watch  should  be 
kept  upon  every  detail  of  the  process,  to  see 
that  the  proper  relative  quantities  of  the  dry  in- 
gredients are  being  used,  that  the  mixing  is  be- 
ing thoroughly  done,  and  that  the  concrete  is  of 
the  proper  consistency  or  degree  of  wetness. 
The  same  careful  supervision  should  be  kept  up 
over  every  detail  of  the  subsequent  depositing, 
ramming,  spading,  drying,  etc.,  of  the  concrete. 

On  small  jobs — even  those  requiring  as  much 
as  several  hundred  cubic  yards  of  concrete — it  is 
ordinarily  much  cheaper  and  more  expedient  to 
mix  by  hand.  This  is,  of  course,  especially  true 
where  only  a  small  crew — say  two  to  four  men — 
are  available  for  the  mixing,  and  where  the 
work  is  often  interrupted  or  frequent  moving  is 
necessary. 

On  large  jobs  it  is  more  economical  to  mix  by 
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machinery,  and  this  is  the  method  generally 
adopted.  The  economy  of  machine  mixing,  on 
large  jobs,  depends  to  some  extent  on  the  use 
of  labor-saving  appliances  in  handling  the  raw 
materials  and  the  finished  mixture.  Wheelbar- 
row work  in  delivering  materials  to  the  mixer 
and  carrying  away  the  concrete  to  where  it  is 
deposited,  will  make  the  cost  relatively  high  in 
any  case,  which  will  be  greatly  reduced  if  the 
mixer  can  be  fed  by  gravity  from  bins,  and  the 
concrete  dumped  into  hauling  cars.  On  small 
jobs,  however,  the  saving  in  hand  labor  is  usually 
more  than  offset  by  the  cost  of  the  mixing  plant 
and  its  maintenance  and  operation.  The  rela- 
tive cost  of  the  two  methods  usually  depends  on 
local  circumstances,  and  these  must  be  taken  into 
consideration  in  each  particular  case. 

Tests  made  by  United  States  government  en- 
gineers at  Duluth,  Minn.,  to  determine  the  rela- 
tive strength  of  concrete  mixed  by  hand  and  by 
a  batch  mixer,  showed  that  at  7  days  hand- 
mixed  concrete  possessed  only  53  per  cent  of  the 
strength  of  machine-mixed  concrete ;  at  28  days, 
77  per  cent;  at  6  months,  84  per  cent;  and  at  one 
year,  88  per  cent.  There  was  also  less  uniformity 
of  strength  in  the  hand-mixed  concrete. 

Mixing  Concrete  by  Hand 

Details  of  the  mixing  process  differ  consid- 
erably among  different  workers,  one  preferring 
one  method,  another  another.    Usually  the  sand 
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and  cement  are  mixed  first,  dry,  and  afterward 
mixed  with  the  stone  before  the  water  is  added. 
Sometimes  the  cement  and  sand  are  first  mixed 
into  a  mortar,  before  being  mixed  with  the  stone. 
The  stone  may  be  added  to  the  dry  cement  and 
sand,  or  to  the  mortar,  or  vice  versa.  Sometimes 
the  stone,  sand,  and  cement  are  spread  in  suc- 
cessive layers,  slightly  mixed,  and  shoveled  up 
into  the  form  of  a  crater,  into  which  water  is 
poured,  and  the  mass  turned  with  shovels. 

The  essential  thing  in  all  cases  is  to  see  that 
the  mass  is  turned  a  sufficient  number  of  times 
to  insure  a  thorough  mixture. 

The  following  account  of  the  mixing  of  a 
small  batch  of  concrete — condensed  from  a  de- 
scription given  by  Messrs.  Wilson  and  Gaylord — 
will  serve  as  a  general  illustration  of  details  of 
procedure  in  ordinary  practice  on  small  jobs. 
The  mixture  is  a  2-bag  batch  of  1 :2 :4  concrete, 
and  two  men  are  sufficient  for  the  work. 

The  Concreting  Plant.  The  batch  will  be 
mixed  on  a  wooden  platform  known  as  a  con- 
crete board.  For  two  men,  this  should  be  9  feet 
by  10  feet  for  a  2-bag  batch,  or  12  by  10  feet  for  a 
4-bag  batch.  Make  it  out  of  1-inch  boards,  10 
feet  long,  surfaced  on  one  side,  using  five  2  by 
4-inch  by  9-foot  cleats  to  hold  them  together. 
The  boards  are  so  laid  as  to  enable  the  shoveling 
to  be  done  with,  and  not  against,  the  cracks  be- 
tween the  boards.  The  boards  must  be  drawn 
up  close  in  nailing,  so  that  no  cement  grout  will 
run  through  while  mixing.     If  tongued-and- 
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grooved  boards  are  available,  so  much  the  better. 
Knot-holes  may  be  closed  by  nailing  a  strip 
across  them  on  the  under  side  of  the  board.  It 
is  a  good  precaution  against  losing  cement  grout, 
to  nail  a  2  by  2-inch  or  2  by  4-inch  piece  around 
the  outer  edge  of  the  board.  Often  2-inch  planks 
are  used  in  making  concrete  boards,  but  these 
are  unnecessarily  heavy,  and  very  cumbersome 
to  move  (see  Plate  3). 

The  concrete  board  is  usually  best  placed  as 
close  as  possible  to  the  forms  in  which  the  con- 
crete is  to  be  deposited,  but  local  conditions  must 
govern  this  point.  Choose  a  place  giving  plenty 
of  room,  near  the  storage  piles  of  sand  and  stone 
(or  gravel) .  Block  up  your  concrete  board  level, 
so  that  the  cement  grout  will  not  run  off  on  one 
side,  and  so  that  the  board  will  not  sag  in  the 
middle  under  the  weight  of  the  concrete. 

Make  the  runways  for  the  wheelbarrows  of 
good,  strong  plank  2  to  3  inches  thick  and  10  to 
12  inches  wide.  They  should  be  of  liberal  width 
— say  at  least  20  inches  wide  if  lifted  much  above 
the  ground — as  this  feature  will  help  greatly  to 
lighten  and  quicken  the  work. 

In  addition  to  board  and  runs  as  described 
above,  the  concreting  outfit  will  include  the  fol- 
lowing tools:  Shovels,  No.  3,  square  point; 
wheelbarrows,  at  least  two  being  necessary  for 
quick  work  (sheet-iron  body  preferred);  rake; 
water  barrel;  water  buckets,  2-gallon  size;  tam- 
per, 4  by  4  inches  by  2  feet  6  inches,  with  handles 
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nailed  to  it,  as  shown  in  Plate  3;  garden  spade, 
or  spading  tool  cut  from  a  board  and  beveled  to 
a  thin  edge  at  the  bottom,  as  shown  in  the  hands 
of  the  man  on  the  concrete  board,  Plate  3,  or 
in  Pig.  12;  and  a  sand  screen,  made  by  nailing 
a  piece  of  14-inch-mesh  wire  screen  2%  ft.  by 
5  ft.  in  size  to  a  frame  made  of  2-in.  by  4-in.  stuff. 

Mixing.  With  the  mixing  board  placed  and 
the  *'runs"  made,  the  concrete  plant  is  ready. 

Pirst  load  your  sand  in  wheelbarrows  from 
the  sand  pile,  wheel  onto  the  board,  and  fill  the 
sand-measuring  box,  which  is  placed  about  two 
feet  from  one  of  the  10-foot  sides  of  the  board. 
When  the  sand  box  is  filled,  lift  it  off,  and  spread 
the  sand  over  the  board  in  a  layer  3  or  4  inches 
thick,  as  shown  in  Pig.  10  (a).  Take  the  two 
bags  of  cement,  and  place  the  contents  as  evenly 
as  possible  over  the.sand  (a.  Pig.  10).  With  the 
two  meii  standing  at  points  indicated,  start  mix- 
ing the  sand  and  cement,  each  man  turning  over 
the  half  on  his  side  of  the  line  A-A.  Starting  at 
his  feet  and  pushing  the  shovel  away  from  him, 
each  man  takes  a  full  shovel-load,  and  turns  the 
shovel  over  at  the  points  marked  1  and  2.  In 
turning  the  shovel,  do  not  simply  dump  the  sand 
and  cement  at  the  points  marked  1  and  2  in  the 
diagram,  but  shake  the  materials  off  the  end  and 
sides  of  the  shovel,  so  that  the  sand  and  cement 
are  mixed  as  they  fall.  This  is  a  great  assist- 
ance in  mixing  these  materials.  In  this  way  the 
material  is  shoveled  from  one  side  of  the  board 
to  the  other,  as  shown  in  Pig.  10  (b  and  c.^-    Pig. 
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10  (b)  shows  the  first  turning;  and  Fig.  10  (c), 
the  second  turning. 

The  sand  and  cement  should  now  be  well 
mixed  and  ready  for  the  stone  and  water.  After 
the  last  turning,  spread  the  sand  and  cement  out 
carefully;  place  the  gravel  or  stone  measming 
box  beside  it  as  shown  in  Fig.  11  (a);  and  fill 
from  the  gravel  pile.  Lift  off  the  box,  and 
shovel  the  gravel  on  top  of  the  sand  and  cement, 
spreading  it  as  evenly  as  possible.  With  some 
experience,  equally  good  results  can  be  obtained 
by  placing  the  gravel  measuring  box  on  top  of 
the  carefully  leveled  sand  and  cement  mixture, 
and  filling  it,  thus  placing  the  gravel  on  top  with- 
out an  extra  shoveling.  This  method  is  shown 
in  Fig.  11(b). 

Now  add  about  three-fourths  the  required 
amount  of  water,  using  a  bucket,  and  dashing 
the  water  over  the  gravel  on  top  of  the  pile  as 
evenly  as  possible.  Be  careful  not  to  let  too 
much  water  get  near  the  edges  of  the  pile,  as  it 
will  run  off,  taking  some  cement  with  it.  This 
caution,  however,  does  not  apply  to  a  properly 
constructed  mixing  board,  as  the  cement  and 
water  cannot  get  away. 

Starting  the  same  as  with  the  sand  and  ce- 
ment, turn  the  materials  over  in  much  the  same 
way,  except  that,  instead  of  shaking  the  ma- 
terials off  the  end  of  the  shovel,  the  whole  shovel- 
load  is  dumped  as  at  points  1  or  2  (a.  Fig.  10), 
and  dragged  back  toward  the  mixer  with  the 
square   point  of  the  shovel.    This  mixes  the 
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gravel  with  the  sand  and  cement,  the  wet  gravel 
picking  up  the  sand  and  cement  as  it  rolls  over 
when  dragged  back  by  the  shovel.  Add  water  to 
the  dry  spots  as  the  mixing  goes  on,  until  all  the 
required  water  has  been  used.  Turn  the  mass 
back  again,  as  was  done  with  the  sand  and 
cement. 


Barret 


Fig.  11.    niustraticg  Two  Methods  of  Adding  the  Coarse  Aggre- 
gates in  Mixing  Concrete. 

With  experienced  laborers,  the  concrete 
would  be  well  mixed  after  three  such  turnings; 
but  if  it  shows  streaky  or  dry  spots,  it  must  be 
turned  again.    After  the  final  turning,  shovel 
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into  a  compact  pile.  The  concrete  is  now  ready 
for  placing. 

When  the  sand  and  gravel  are  found  already 
mixed,  as  in  a  natural  bank,  spread  out  the  mix- 
ture of  sand  and  gravel  as  much  as  the  board  will 
readily  permit;  add  enough  water  to  wet  the 
gravel  and  sand  thoroughly;  spread  the  cement 
evenly  in  a  thin  layer  over  the  sand  and  gravel; 
and  turn  over,  as  described  previously,  at  least 
three  times,  adding  the  rest  of  the  water  neces- 
sary to  get  the  required  consistency  while  the 
materials  are  being  turned.  It  requires  some 
experience  to  work  up  a  natural  mixture  of  bank 
sand  and  gravel;  and,  if  at  all  doubtful  about  the 
concrete  made  from  it,  first  screen  the  sand  from 
the  gravel,  and  then  mix  in  the  regular  way. 

Number  of  Men.  For  the  above  operation, 
only  two  men  are  required,  although  more  can 
be  used  to  advantage.  If  three  men  are  avail- 
able, let  two  of  them  mix  as  described  above,  and 
let  the  third  man  supply  the  water,  help  mix  the 
concrete  by  raking  over  the  dry  or  unmixed 
spots  as  the  two  mixers  turn  the  concrete,  help 
load  the  wheelbarrows  with  sand  and  stone  or 
gravel,  etc. 

If  four  men  are  available,  it  is  best  to  increase 
the  size  of  the  batch  mixed  to  a  four-bag  batch, 
doubling  the  quantities  of  all  materials  used. 
The  cement  board  should  also  be  increased  to  10 
feet  by  12  feet.  In  this  case,  start  the  mixing  in 
the  middle  of  the  board,  each  pair  of  men  mix- 
ing exactly  as  if  for  a  two-bag  batch,  except 
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that  the  concrete  is  shoveled  into  one  big  mass 
each  time  it  is  turned  back  onto  the  center  of  the 
board. 

When  more  than  four  men  are  available,  the 
rest  may  place  the  concrete,  make  new  runs, 
load  wheelbarrows,  etc.,  taking  the  concrete 
away  from  the  board  as  fast  as  it  is  mixed.  In 
this  case,  another  small  concrete  board  should 
be  placed  next  to  the  big  board,  so  that  in  the 
last  turning  the  batch  can  be  shoveled  over 
onto  the  small  board  for  placing,  making  room 
on  the  big  board  to  mix  the  next  batch.  The 
small  platform  need  be  only  just  big  enough  to 
hold  the  pile  of  mixed  concrete. 

Measuring  by  Wheelbarrow.  With  a  little 
practice,  the  sand  and  stone  or  gravel  can  be 
measured  by  the  number  of  wheelbarrow  loads 
almost  as  accurately  as  by  means  of  the  measur- 
ing boxes. 

If  the  concrete  has  to  be  wheeled  not  over  50 
feet,  four  experienced  men  should  be  able,  on 
an  average,  to  mix  and  wheel  to  the  place  of 
deposit  about  10  four-bag  batches  of  1:3:6  con- 
crete in  10  hours.  And  since,  from  Table  XII, 
one  4-bag  batch  will  make  24  cubic  feet  of  con- 
crete, the  four  men  should  mix  and  wheel  in  this 
period  of  time  about  240  cubic  feet  of  concrete, 
or  240-^27=8.8  cubic  yards.  This  estimate, 
however,  is  for  the  very  simplest  kind  of  con- 
creting, and  makes  no  allowance  for  the  labor  of 
suppljdng  materials  to  the  mixing  platform  or 
for  building  forms. 
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Mixing  by  Machinery.  The  details  of  ma- 
chine mixing  will  be  taken  up  later  in  connection 
with  the  description  of  the  various  types  of  con- 
crete mixers,  under  the  head  of  "Concreting 
Machinery  and  Tools." 

To  Regulate  Setting  and  Hardening.  As 
already  explained,  some  regulation  of  the  time 
of  setting  of  cement  can  be  accomplished  by 
regulating  the  consistency  of  the  mixture,  a  dry 
mixture  setting  more  quickly  than  a  wet  one. 
Also,  since  concrete  sets  more  rapidly  in  warm 
than  cold  weather,  the  setting  may  be  regulated 
to  some  extent  by  simulating  the  proper  weather 
conditions.  This  may  be  done  by  constructing  a 
light  framework  over  the  job,  covering  it  with 
canvas  or  other  material,  and  regulating  the  tem- 
perature within  by  means  of  stoves.  This 
method,  however,  is  very  expensive,  and  is  used 
only  in  building  construction,  being  employed 
then  chiefly  as  a  protection  to  the  concrete  dur- 
ing the  setting  process  in  freezing  weather. 

When  it  is  desired  to  obtain  a  very  rapid  set- 
ting and  hardening,  as  in  making  casts  and  orna- 
mental forms,  a  10  per  cent  solution  of  calcium 
chloride  may  be  used  instead  of  water,  for  mix- 
ing and  pouring.  This  material  is  cheap,  and 
can  be  obtained  from  any  dealer  in  chemicals, 
or  in  large  quantities  from  manufacturing  chem- 
ists. A  10  per  cent  solution  is  obtained  by  dis- 
solving 8  pounds  of  calcium  chloride  in  10  gal- 
lons of  water.  Artificial  stone  made  in  this  way 
will  harden,  and  can  be  removed  from  moulds  or 
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forms,  in  one-third  the  time  required  when  only- 
water  is  used  for  mixing.  The  chemical  is  said 
to  have  no  injurious  effect  whatever  on  the 
strength  or  soundness  of  the  cement. 

DEPOSITING  CONCRETE 

Concrete  should  not  be  allowed  to  stand  un- 
used for  any  considerable  length  of  time  after 
being  mixed,  but  should  be  placed  or  deposited 
at  once.  In  no  case  should  this  be  delayed  be- 
yond 20  to  30  minutes  after  the  cement  is  first 
wet. 

Effect  of  Remixing.  To  disturb  the  concrete 
after  it  has  begun  to  set,  will  not  only  retard  its 
setting,  but  may  possibly  prevent  the  develop- 
ment of  its  full,  ultimate  strength.  This  is  par- 
ticularly true  where  the  cement  is  to  be  used  in 
reinforced  work,  as  remixing  reduces  the  ad- 
hesiveness and  binding  power  of  the  cement.  If 
it  is  permissible  to  wait  a  long  time — say 
several  months — for  the  development  of  the  full 
strength  of  the  concrete,  remixing  of  both  Port- 
land and  natural  cement  mortar  and  concrete 
might  be  allowed,  if  done  shortly  after  initial 
set  has  begun — say  within  an  hour  or  two;  but 
if,  as  is  usually  the  case,  it  is  desirable  that  the 
mixture  shall  acquire  its  full  strength  within  a 
few  days  or  weeks,  then  cement  mortar  or  con- 
crete which  has  begun  to  set  before  placing 
should  be  rejected. 

If  the  mixing  process  is  kept  up  for  about 
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two  hours  continuously  before  placing,  it  has 
been  found  that  the  strength  of  the  mixture  will 
be  considerably  increased,  this  being  due,  in  all 
probability,  to  the  more  thorough  blending  and 
interpenetration  of  the  constituents  of  the  mor- 
tar or  concrete. 

Concrete  is  usually  deposited  in  layers  4  to 
12  inches  thick.  Unless  otherwise  specified,  it 
should  be  placed  in  layers  of  about  6  inches. 

Method  of  Placing.  In  the  placing  of  con- 
crete, the  most  important  thing  is  to  handle  it 
in  such  a  way  that  its  materials  will  not  be  sepa- 
rated. The  mass  should  retain  its  compactness 
and  its  even  distribution  of  ingredients;  the 
stone  or  gravel  should  never  become  separated 
from  the  mortar.  Provided  this  precaution  is 
taken,  concrete  may  be  handled  and  placed  in 
any  manner  suited  to  the  nature  of  the  work.  It 
may  be  shoveled  off  the  mixing  board  directly 
into  the  trench  or  forms;  shoveled  into  wheel- 
barrows, wheeled  to  place,  and  dumped;  shov- 
eled into  cars  or  carts,  and  hauled  to  the  work; 
shoveled  or  dumped  down  an  inclined  chute; 
shoveled  into  buckets  or  hods  and  lifted  or 
carried  to  place,  etc. 

If  dumped  into  a  trench  or  form  from  any 
considerable  height,  the  work  should  be  watched 
with  special  care  to  see  that  the  heavier  par- 
ticles are  not  forced  toward  the  bottom  of  the 
nsiass,  and  that  the  stone  or  gravel  still  remains 
in  intimate  contact  with  the  mortar.  Where  de- 
positing from  a  considerable  height  is  necessary. 
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a  chute  should  invariably  be  used  if  the  mixture 
is  a  ''dry"  one.  A  very  wet  mixture,  however, 
is  much  easier  to  handle  in  such  a  case  than  a  dry 
mixtiu'e,  and  the  stone  or  gravel  will  not  so 
readily  be  separated  from  the  mortar. 

Bamming  or  Tamping  Concrete.  In  order  to 
force  out  air-bubbles  and  obtain  a  thoroughly 
compact  job,  concrete  should  be  rammed 
(or  tamped)  immediately  after  placing.  The 
amount  of  ramming  needed  depends  on  the  con- 
sistency of  the  mixture.  If  very  wet,  only  the 
slightest  tamping,  if  any,  is  necessary — ^merely 
enough  to  level  off  across  the  top.  If  much 
tamping  is  done  to  a  very  wet  mixture,  the  par- 
ticles of  the  coarse  aggregate  may  be  forced  to- 
gether in  one  part  of  the  mass,  and  their  uni- 
form distribution  be  upset.  Sometimes  a  very 
wet  mixture,  instead  of  being  tamped,  is  simply 
puddled  (stirred  up),  this  being  done  with  a 
piece  of  reinforcing  bar  or  other  convenient 
material. 

A  medium  wet  mixture  should  be  tamped 
until  thoroughly  compacted,  when  it  will  quake 
like  jelly. 

A  dry  mixture  must  be  very  thoroughly 
tamped — imtil  the  water  is  forced  to  the 
surface. 

The  tamper  for  medium  or  dry  concrete  may 
consist  of  a  steel  shoe  or  plate  with  a  face  about 
6  inches  square,  to  the  back  of  which  a  handle 
of  convenient  length  is  fastened;  or,  for  small 
Tork,  a  satisfactory  home-made  tamper  may  be 
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constructed  from  a  cylindrical  block  of  wood 
into  one  end  of  which  a  handle  is  fastened.  For 
work  in  very  thin  sections  or  between  rein- 
forcing steel  members,  a  suitable  rammer  can 
be  made  from  board  1  inch  or  so  in  thickness, 
the  blade  left  at  the  lower  end  being  about  8 
inches  high  by  3  inches  wide. 

Spading.  In  order  to  insure  a  smooth,  un- 
broken face  on  the  concrete,  it  should  be  care- 
fully spaded  next  to  the  forms,  where  the  fin- 
ished concrete  will  be  exposed  to  view.  And 
this  is  true  whether  the  mixture  be  dry,  me- 
dium, or  very  wet.  The  operation  of  spading 
consists  in  running  a  spade  or  flattened  shovel 
down  against  the  face  of  the  form,  and  work- 
ing up  and  down.  This  action  causes  the  stone 
or  gravel  to  be  pushed  back  slightly  from  the 
form,  and  allows  the  cement  grout  to  flow 
against  the  face  of  the  form  and  fill  any  voids 
that  may  be  there,  thus  making  the  face  of  the 
work  present  an  even,  homogeneous  appear- 
ance. Where  the  narrowness  of  the  concrete 
section,  such  as  in  a  6-inch  silo  wall,  prevents 
the  use  of  a  spade,  a  1-inch  by  4-inch  board, 
sharpened  to  chisel  edge  on  the  end,  will  do  as 
well.  Only  sharpen  on  one  side,  and  place  the 
flat  side  against  the  form,  as  shown  in  Fig.  12. 
In  the  case  of  a  dry  mixture,  spading  must  be 
done  with  greatest  care  by  experienced  hands, 
to  get  uniform  results;  but  with  a  medium  or 
very  wet  mixture,  it  is  very  easy  to  obtain  first- 
class  work;  indeed,  with  a  wet  mixture,  spading 
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is  required  only  as  an  added  precaution  against 
the  possibility  of  voids  in  the  face  of  the  work, 
and  is  really  necessary  in  few  cases. 


/\ 
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Fig.  12.    Diagram  Showing  Method  of  Spading  a  6-Inch  Concrete 

Wall. 
At  right  is  a  diagram  giving  details  of  wooden  spading  tool. 

In  spading,  be  careful  not  to  pry  with  the 
spade,  as  this  may  spring  the  forms. 

Protection  of  Concrete  after  Placing.  Green 
concrete  should  not  be  exposed  to  the  sun  until 
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after  it  has  been  allowed  to  set  for  five  or  six 
days.  Each  day  during  that  period  the  con- 
crete should  be  wet  down  by  sprinkling  water 
on  it,  both  in  the  morning  and  afternoon.  This 
is  done  so  that  the  concrete  on  the  outside  will 
not  dry  out  much  faster  than  the  concrete  in  the 
center  of  the  mass ;  and  it  should  be  carried  out 
carefully,  especially  during  the  hot  summer 
months.  Old  canvas,  sheeting,  burlap,  etc., 
placed  so  as  to  hang  an  inch  or  so  away  from 
the  face  of  the  concrete,  will  do  very  well  as  a 
protection.  Wet  this  as  well  as  the  concrete. 
Often  the  concrete  forms  can  be  left  in  place  a 
week  or  ten  days;  this  protects  the  concrete 
during  the  setting-up  period,  and  the  above  pre- 
cautions are  then  unnecessary. 

Cleaning  the  Concrete  Board.  When  the 
day's  work  is  done,  carefully  clean  all  the  tools, 
especially  the  concrete  board.  Remove  with  a 
shovel  all  the  loose  cement,  sand,  and  stone. 
Then  scrub  the  board  with  a  broom  and  water. 
If  this  is  not  done,  small  particles  of  stone  are 
glued  to  the  board  by  the  cement,  and  render 
shoveling  the  next  day  most  difficult. 

Bonding  Old  and  New  Concrete.  Consid- 
erable care  is  necessary  in  order  to  secure  a 
perfect  bond  or  joint  when  new  concrete  is  to  be 
connected  to  old,  or  when  a  job  of  concreting 
interrupted  for  a  considerable  time  is  resumed, 
as  when  workmen  quit  work  one  day  to  take  it 
up  again  the  following  day. 

In  ordinary  work  subject  chiefly  to  com- 
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pressive  strains,  as  in  foundations,  it  will  be 
sufficient  if  the  surface  of  the  concrete  laid  one 
day  is  merely  washed  with  clean  water  before 
laying  on  the  new  concrete  the  next  day;  but  in 
walls  and  floors,  or  where  tensile  stresses  will 
be  developed,  the  surface  to  be  joined  should 
be  thoroughly  washed  clean  and  soaked  with 
water,  and  then  painted  either  with  neat  cement 
(cement  and  water)  or  with  a  very  thin,  rich 
mortar  consisting  of  1  part  cement  to  1  part 
sand.  If  the  old  surface  is  very  dirty,  it  may 
be  necessary,  after  washing  it  as  clean  as  pos- 
sible, to  pick  it  with  a  cold  chisel  in  order  to 
expose  a  perfectly  clean  and  somewhat  rough 
surface  of  concrete. 

It  will  always  help  in  the  subsequent  secur- 
ing of  a  good  bond  with  later  work,  if  the  old 
surface,  after  ranaming  or  troweling,  is 
scratched  or  roughened. 

Where  a  water-tight  wall  is  desired,  as  in  a 
tank,  if  the  concrete  is  laid  in  successive  tiers 
and  not  by  one  continuous  operation,  special 
joints  should  be  made  which  will  give  a  me- 
chanical as  well  as  a  chemical  bond.  They  may 
be  square  or  V-shaped  in  section,  and  either 
horizontal  or  vertical.  Such  joints  are  moulded 
by  placing  pieces  of  timber  so  that  they  will 
form  grooves  in  the  surface  of  the  concrete 
when  the  last  layer  is  placed  each  day,  then  re- 
moving the  wood  the  following  day,  and  coating 
the  joint  with  neat  cement  or  very  thin,  rich 
mortar  before  placing  the  next  layer  of  concrete. 
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Concreting  in  Frosty  Weather 

After  concrete  has  once  firmly  set  and  hard- 
ened, frost  has  no  effect  upon  it.  It  is  different, 
however,  if  frost  is  allowed  to  attack  the  con- 
crete while  being  mixed  or  placed,  or  during  the 
setting  process. 

Many  special  tests  and  many  investigations 
of  work  in  progress  have  been  made,  in  order  to 
determine  the  effect  of  freezing  upon  Portland 
cement  concrete  before  it  has  had  a  chance  to 
set.  While  some  difference  of  opinion  on  this 
subject  exists,  it  is  the  generally  accepted  con- 
clusion of  engineers  that  freezing  does  not  mate- 
rially affect  the  binding  quality  of  good  Port- 
land cement,  and  that  concrete  laid  in  freezing 
weather  will  not  be  injured  provided  it  does  not 
freeze  till  after  placing,  and  provided  also  that 
it  is  not  subjected  to  any  load  until  after  it  has 
been  thawed  out  and  allowed  to  set  in  the  usual 
way.  The  freezing  simply  retards  the  process 
of  hardening,  which  will  again  proceed  under 
favorable  conditions,  until  the  concrete  event- 
ually develops  its  full  strength. 

On  the  other  hand,  alternate  freezing  and 
thawing  before  hardening  is  complete,  is  very 
apt  to  injure  concrete.  Accordingly,  if  concrete 
has  once  been  frozen  and  thawed  out  before  the 
action  of  hardening  has  commenced,  it  should 
be  protected  from  freezing  again  until  it  has 
had  a  chance  to  harden  sufficiently  to  withstand 
the  action  of  subsequent  frosts. 
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The  freezing  of  a  layer  of  concrete  is  very 
apt  to  prevent  a  good  bond  with  another  layer 
placed  on  top.  In  sidewalk  and  pavement  work, 
freezing  during  construction  is  apt  to  cause  a 
thin  layer  (about  V12  inch  in  depth)  to  peel  off, 
leaving  the  wearing  surface  rough;  and  a  simi- 
lar effect  is  sometimes  seen  on  concrete  walls. 
The  injury,  however,  will  not  be  deep-seated 
unless  the  whole  mass  has  been  subjected  to 
repeated  freezing  and  thawing  before  hardening 
is  complete. 

A  green  concrete  mixture  which  can  be  easily 
frozen  at  a  temperature  below  32  degrees  F.  (the 
freezing  point  of  water),  should  not  be  allowed 
to  freeze,  if  this  can  be  prevented.  It  is  safest, 
therefore,  to  avoid  mixing  and  placing  concrete 
in  freezing  weather. 

Sometimes,  however,  this  has  to  be  done,  and 
the  work  has  to  be  pushed  forward  irrespective 
of  weather  conditions.  Fortunately,  good  re- 
sults can  be  obtained  with  almost  any  degree  of 
cold,  by  taking  proper  precautions;  but  these 
invariably  add  to  the  cost  by  entailing  additional 
expenses. 

The  elaborateness  of  the  precautions  neces- 
sary to  insure  satisfactory  results  on  a  job  of 
concreting  done  in  freezing  weather,  will  depend 
upon  the  class  of  construction  and  the  impor- 
tance of  the  work.  Plain,  massive  work,  for  ex- 
ample, does  not  require  the  same  degree  of  care 
and  protection  in  frosty  weather,  as  is  necessary 
for  small  reinforced  construction. 


174  CEMENT   CONSTRUCTION 

Protection  from  Frost.  There  are  two  gen- 
eral methods  in  use  for  protecting  concrete  from 
injury  by  frost,  and  expediting  the  progress  of 
construction — namely,  first,  by  using  artificial 
heat;  second,  by  using  chemicals  to  lower  the 
freezing  point  of  the  wet  mixture  so  that  the 
prevailing  frost  will  not  affect  it.  Sometimes 
both  methods  are  employed  on  the  same  work. 

Lowering  the  freezing  point  of  the  concrete 
is  the  simplest  and  cheapest,  but  probably  not 
the  best  method  of  concreting  in  freezing 
weather.  This  method  consists  of  adding  some 
substance  to  the  mixing  water  that  will  reduce 
its  freezing  point;  but  only  those  substances  that 
have  no  effect  on  the  strength  and  durability  of 
the  concrete  can  be  used.  Ordinary  salt  is  most 
commonly  used  for  this  purpose;  and  experi- 
ments indicate  that  while  the  addition  of  a  lim- 
ited amount  of  salt  retards  the  hardening  some- 
what, and  lowers  the  initial  strength,  the  ulti- 
mate strength  of  the  concrete  is  not  affected  by 
its  use.  Salt  should  be  used  only  in  plain  con- 
crete work,  as  its  effect  on  reinforcing  metal  has 
not  been  established.  Even  when  salt  is  used, 
it  is  important  that  the  aggregates  be  free  from 
liunps  of  frozen  material,  as  it  is  impossible 
properly  to  mix  such  materials.  Approximately 
one  per  cent  by  weight  of  salt  to  the  weight  of 
the  water  is  required  for  each  degree  Fahren- 
heit below  freezing;  but  more  than  ten  per  cent 
of  salt — which  is  equivalent  to  about  13  pounds 
of  salt  to  a  barrel  of  cement — should  not  be  con- 
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sidered  safe,  and  this  amount  is  not  effec- 
tive for  temperatures  lower  than  22  degrees 
Fahrenheit. 

The  use  of  artificial  heat  may  be  accom- 
plished in  different  ways — ^by  inclosing  the  en- 
tire work  under  cover,  and  keeping  it  warm  by 
heating  the  air  within  the  enclosure ;  or  by  heat- 
ing the  aggregates  or  water,  or  both,  before  mix- 
ing. The  former  is  the  most  expensive  method, 
and  is  never  employed  except  in  building  con- 
struction. The  inclosing  framework  is  lightly 
constructed  of  wood,  covered  with  canvas  or 
other  material. 

The  best  method  of  concreting  in  freezing 
weather  is  to  heat  the  materials,  and  to  protect 
the  work  until  it  has  obtained  sufficient  strength 
to  withstand  the  action  of  frost.  Either  the 
water,  the  sand  and  water,  or  the  sand,  stone, 
and  water  should  be  heated.  The  cement  is 
usually  not  heated.  Heating  the  materials  ac- 
celerates the  rate  of  hardening;  lengthens  the 
time  before  the  material  becomes  cold  enough  to 
freeze;  and,  in  temperatures  but  little  below 
freezing,  will  insure  the  hardening  of  the  con- 
crete before  it  can  be  damaged  by  frost. 

For  heavy  mass  work,  thick  walls,  abut- 
ments, etc.,  it  is  not  necessary  to  heat  the  stone 
except  in  unusually  cold  weather,  but  sand  and 
water  should  be  heated.  If  the  forms  are  tight 
and  made  of  heavy  material,  it  will  be  necessary 
to  protect  only  the  top  of  the  work;  this  may  be 
done  by  covering  with  a  canvas  and  running 
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steam  under  it,  or  by  covering  with  boards  or 
paper  and  applying  a  covering  of  straw  or 
manure.  In  no  case,  however,  should  fresh 
manure  be  allowed  to  come  in  contact  with  very 
green  concrete,  as  it  will  discolor  and  spoil  the 
siu'face.  If  the  work,  covered  in  the  manner 
described,  is  protected  from  freezing  for  several 
days,  it  is  sufficient,  unless  it  has  to  be  loaded 
immediately;  but  thin  walls,  light  foundations, 
etc.,  should  be  protected  on  all  sides  in  the  man- 
ner pointed  out  above.  For  reinforced  work 
it  is  necessary  to  heat  all  the  materials  but  the 
cement;  and  the  concrete  should  be  hot  when 
placed  in  the  forms.  Where  the  work  must  be 
placed  in  service  as  soon  as  possible,  the  only 
safe  practice  is  to  keep  the  surrounding  tem- 
perature well  above  the  freezing  point  until  the 
work  has  thoroughly  hardened. 

The  aggregates  may  be  heated  by  being 
piled  over  sheet-iron  pipes  or  drums  in  which 
fires  are  built,  or  over  steam  pipes  laid  through 
the  bottom  of  the  storage  bins.  The  water  may 
be  heated  by  exhaust  steam  or  in  any  other  con- 
venient way.  When  a  mechanical  mixer  is  used, 
it  also  is  sometimes  kept  warm,  by  means  of 
steam  coils  outside  and  jets  inside. 

Concrete  increases  in  strength  but  very 
slowly  in  cold  weather;  and  for  this  reason, 
forms  should  be  left  on  as  long  as  possible,  and 
care  taken  not  to  load  a  structure  too  soon.  Just 
how  old  the  work  should  be  before  removing  the 
forms  and  subjecting  it  to  its  load,  cannot  be 


"ACME"  EAR  13ENDER. 

For  bendinj'  reinforcini'  bars  fur  concrete  work. 


CX)XCRETING  WHEELBARROW. 
Frame  built  of  tubular  steel.    Note  bracing  of  tray. 


M 

M 

:^ 

M 

<il 
fin 

< 

o 

I— I 

O 
O 

P 

PM 
<«3 
O 
02 
O 


CONCRETE  WHEELBARROW. 


CONCRETE  HAND  CART. 


CONCRETE  CART. 

Dumped    by    releasing    spring    clip,    handle    and    legs 
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stated,  as  this  will  depend  entirely  upon  how 
fast  the  concrete  hardens.  Careful  inspection 
of  the  structure  is  necessary  before  removing 
the  forms  and  applying  the  load;  and  it  must  be 
remembered  that  frozen  concrete  closely  re- 
sembles thoroughly  hardened  concrete  in  ap- 
pearance, and,  when  broken,  frequently  shows  a 
fracture  through  the  aggregate,  although  upon 
thawing  it  may  have  but  little  strength. 

General  Working  Rules 

Working  with  concrete  is  not  an  occupation 
in  which  the  layman  can  experiment  inexpen- 
sively. The  general  rule  may  well  be  laid 
down:  Do  not  purchase  an  ounce  of  cement  or 
stone  till  you  know  exactly  what  you  are  going 
to  do,  and  how  you  are  going  to  do  it.  Famil- 
iarity with  the  rules  governing  the  mixing,  and 
with  the  proportions  and  quantities,  is  abso- 
lutely essential  to  success.  This  is  true  of  all 
mechanics,  and  especially  true  of  concrete  work. 
It  is  not  necessarily  true  that  the  worker  must 
know  the  scientific  and  chemical  properties  of 
the  work,  but  he  must  know  the  ''how.'*  Of 
course  it  is  better  if  he  has  a  knowledge  of  the 
chemistry  of  concrete  work,  but  he  may  produce 
good  results  by  merely  following  exactly  the 
formula  that  has  proved  effective  and  advan- 
tageous in  the  hands  of  experts.  These  general 
remarks  are  made  for  the  benefit  of  the  novice 
who  is  thinking  of  using  concrete  in  the  build- 
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ing  of  a  house,  or  in  the  improvement  of  a  home 
he  akeady  possesses.  So  bear  these  things  in 
mind: 

Do  not  guess  as  to  measurements. 

Do  not  use  less  cement  than  any  formula  calls  for. 

Mix  very  thoroughly. 

Put  your  concrete  in  place  at  once. 

Use  only  clean  water,  and  clean  gravel  or  stone. 

These  five  *' musts, '^  kept  constantly  in  mind 
and  in  practice,  are  the  foundations  of  success. 
To  ignore  any  one  of  them  spells  failure. 

Probably  the  most  important  of  the  above 
cautions  is  that  relating  to  the  mixing  of  the 
concrete.  It  is  in  this  part  of  the  work  that 
haphazard  methods  are  most  apt  to  creep  in, 
especially  if  the  operations  are  hurried.  The 
importance  of  accurate  measuring  and  strict  ad- 
herence to  proportions,  cannot  be  urged  too 
strongly.  For  ordinary  hand  work,  not  more 
than  a  cubic  yard  should  be  gauged  at  a  time. 
The  worker  should  have  plenty  of  space  for 
handling  the  mixture.  Faulty  concrete  is  made 
more  frequently  as  a  result  of  carelessness  in 
gauging  than  from  any  other  cause;  but  the 
blame  is  usually  ascribed  to  something  else.  If 
the  measuring  of  the  cement  is  done  by  sacks, 
or  of  the  aggregate  by  barrow  loads,  the  utmost 
care  should  be  exercised  to  insure  accurate 
measurement  so  that  the  chances  of  poor  con- 
crete will  be  avoided. 

The  aggregate  and  the  cement  should  be 
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turned  over  at  least  three  times  on  the  board. 
If  the  mixture  looks  streaky,  and  does  not  have 
a  uniform  color,  it  is  not  fully  mixed.  When 
the  water  is  added,  it  should  be  applied  grad- 
ually, all  the  time  being  mixed.  No  more  ma- 
terial should  be  gauged  than  can  be  handled 
quickly.  As  soon  as  the  concrete  is  ready,  it 
should  be  shoveled  into  pails  and  carried  to  the 
place  where  it  is  to  be  used;  it  should  be  de- 
posited in  position  within  20  to  30  minutes  after 
the  first  wetting  of  the  cement.  Nor  should 
there  be  any  disturbance  of  it  after  it  is  placed, 
more  than  is  absolutely  necessary. 

If  the  mixture  does  not  work  well,  the  sand 
and  cement  not  filling  the  voids  in  the  stone, 
reduce  the  percentage  of  stone  slightly,  but  first 
be  sure  the  concrete  is  properly  mixed.  Half- 
mixed  concrete  may  present  features  that  are 
entirely  eliminated  by  turning  it  over  once  or 
twice  more. 

In  choosing  materials  for  the  mixture,  re- 
member that  the  proper  size  of  stone  or  gravel 
will  vary  with  the  type  of  construction. 

Remember  that  the  binding  value  of  Port- 
land cement  is  lowered  by  exposing  the  concrete 
to  a  hot  sun  during  the  first  four  or  five  days 
after  it  has  been  placed. 

Use  anything  up  to  21/^  inches  in  diameter 
for  foundations  or  large  thick  structures.  Use 
1%  inches  and  under  (generally  about  %  inch), 
graded,  for  thin  waUs  and  reinforced  concrete. 
Use  %  inch  and  under  for  a  finish  or  very  hard 
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Simplest  form  of  seat — Edges  should  be  moulded  or  rounded,  and 
supports  should  have  a  moulded  base. 


Seat  of  Eomanesque  design. 
Design  for  Concrete  Garden  Seats. 
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coating.  The  best  results  are  obtained  from  a 
mixture  of  sizes  graded  from  the  largest  to  the 
smallest. 

If  the  aggregate  is  porous,  it  should  be  well 
soaked  in  water  before  coming  in  contact  with 
the  cement;  otherwise  it  will  absorb  the  water 
necessary  for  mixing  and  for  developing  the 
full  activity  and  strength  of  the  cement. 

It  occasionally  happens  that  concrete  must  be 
deposited  under  water.  In  such  cases,  special 
precaution  must  be  taken  to  prevent  separation 
of  the  materials.  The  governing  principle  is  to 
see  that  the  concrete  shall  be  disturbed  as  little 
as  possible  in  being  placed. 

There  are  three  methods  used: 

First,  the  concrete  may  be  lowered  under 
water  to  the  place  of  deposit,  in  a  closed  bucket, 
which  should  be  provided  with  an  automatically 
opening  hinged  bottom,  allowing  the  concrete  to 
slide  out  gently  when  its  destination  is  reached. 

Second,  the  concrete  may  be  lowered  to  place 
in  tubes.  If  only  moderate  quantities  are  to  be 
deposited,  a  small  tube — say  4  to  6  inches  in 
diameter — with  a  removable  cap  at  the  lower 
end,  may  be  used.  This  is  first  filled  with  the 
mixture,  then  lowered,  the  cap  removed,  and  con- 
crete fed  through  the  tube  in  a  continuous 
stream.  Where  large  quantities  are  to  be  placed, 
requiring  a  tube  of  inconvenient  weight  for 
handling,  this  large  tube  may  be  lowered  empty, 
the  water  rising  therein.  Into  this  chute  the  con- 
crete may  be  dumped  until  the  water  has  been 
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displaced.  The  tube  is  then  slowly  raised,  al- 
lowing the  concrete  to  run  out.  Under  this 
method,  there  is  always  more  or  less  danger  of 
badly  washed  concrete. 

Third,  concrete  may  be  placed  under  water 
by  means  of  paper  bags  or  of  cloth  bags  of  open- 
mesh  weave.  Paper  bags  will  retain  their  shape 
long  enough  to  permit  of  proper  placing  in 
coiu'ses  like  masonry,  and  the  paper  soon  loses 
all  its  strength  through  soaking,  and  allows  the 
bonding  or  blending  of  the  concrete.  A  similar 
union  is  effected  through  the  open  meshes  of 
the  cloth  bags. 

One  of  the  troubles  which  for  a  time  mystified 
concrete  workers,  was  the  appearance  of  fine 
cracks — known  as  crazing  or  hair  cracks  on  con- 
crete surfaces,  frequently  long  after  the  con- 
crete had  set  hard.  Investigation,  however, 
showed  that  this  disfigurement  was  entirely 
superficial.  Hair  cracks  are  confined  to  the  sur- 
face, being  generally  of  no  greater  depth  or 
width  than  a  coarse  hair;  they  are  no  indication 
of  weakness  in  the  concrete.  It  has  long  been 
known  that  very  wet  concrete  is  more  apt  to 
craze  than  dry  concrete  is.  Dry  concrete  is 
objectionable  to  some  for  the  reason  that  it  is 
lacking  in  strength  and  density;  and  on  that  ac- 
count its  use  is  not  advocated  even  though  hair 
cracks  are  to  some  extent  avoided.  Experiments 
have  demonstrated  the  fact  that  in  wet  con- 
crete a  portion  of  the  very  finest  particles  of  ce- 
ment is  carried  to  the  surface  by  the  action  of  the 
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excess  water  which  is  being  absorbed  by  the 
atmosphere.  This  excess  water  is  to  a  large  ex- 
tent drawn  from  the  interior  of  the  concrete  to 
the  exterior,  carrying  with  it  the  finer  particles, 
which,  being  deposited  on  the  surface,  form  a 
richer  mortar  than  is  contained  in  the  interior. 
Under  certain  conditions  these  finer  particles  on 
the  surface  practically  form  a  coating  of  neat 
cement.  Neat  cements  and  rich  mortars  are  found 
to  be  much  more  liable  to  crazing  than  mortars 
containing  a  larger  proportion  of  sand  or  finely 
crushed  stone.  The  cracks  are  due  entirely  to 
a  contraction  of  the  surface,  and  not  to  any  con- 
traction of  the  interior. 

The  trouble  may  be  almost  entirely  avoided 
by  seasoning  the  concrete  in  a  very  moist  atmos- 
phere or  under  a  cover  of  very  wet  sand,  or,  in 
the  case  of  blocks,  by  immersing  entirely  for  a 
considerable  time  in  water. 

In  the  past,  a  practice  that  has  been  partially 
effective  in  overcoming  the  trouble  has  been  to 
brush  off  the  surface  with  a  stiff  steel  brush,  or 
to  scrub  it  with  a  cement  brick  and  wet  sand  or 
carborundum  stone,  thus  partially  removing  the 
neat  cement  face  in  which  the  cracks  develop. 
This  remedy,  however,  is  only  temporary,  the 
cracks  being  likely  to  appear  months  later.  The 
brushing  or  scrubbing  is  merely  an  assistance, 
the  real  remedy  being  to  keep  the  surface  con- 
tinuously and  thoroughly  wet  as  long  as  possible. 
For  permanent  results,  the  only  effective  remedy 
is  to  remove  from  the  surface,  as  soon  as  the 
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forms  or  moulds  are  taken  down,  as  much  of  the 
excess  of  neat  cement  as  possible;  and  then  to 
allow  the  concrete  to  harden  under  conditions 
practically  the  same  as  when  hardened  under 
water — keeping  it  constantly  wet  during  the 
hardening  process  by  sprinkling,  by  covering 
with  very  wet  sand,  by  inclosing  in  a  very  moist 
atmosphere,  by  immersing  under  water,  or  by 
some  other  convenient  method  of  a  similar  char- 
acter. 

Efflorescence  is  the  name  commonly  applied 
to  the  whitish  scum  sometimes  appearing  on 
stone,  brick,  terra-cotta,  and  concrete  work,  due 
to  the  leeching  out  of  lime  or  other  soluble 
chemical  salts.  If  the  scum  is  due  to  excess  of 
cement  it  is  known  as  laitance.  The  Sylvester 
process,  consisting  of  alternate  applications  of 
hot  soap  and  alum  solutions,  has  proved  effective 
in  its  removal.  A  wash  of  dilute  hydrochloric 
acid  (one  part  acid  to  forty  parts  water)  will  also 
be  found  effective.  Efflorescence  can  be  pre- 
vented by  waterproofing  the  exterior  surface  of 
the  wall  after  the  concrete  has  hardened. 

In  all  concrete  work,  the  essence  of  economy 
is  found  to  lie  largely  in  the  proper  proportion- 
ing of  ingredients  according  to  the  materials 
available  and  the  work  in  hand,  and  in  simplicity 
and  duplication  of  forms.  The  designer — especi- 
ally of  a  reinforced  structure — should  therefore 
eliminate  as  far  as  possible  all  projecting  mem- 
bers such  as  beam  panels,  cornices,  belt-courses, 
and  offsets. 
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Owing  to  the  comparative  youth  of  this  type 
of  structure,  it  is  only  within  very  recent  years 
that  architects  and  engineers  have  given  any 
very  great  attention  to  the  development  of  de- 
signs essentially  suitable  to  reinforced  con- 
crete. It  is  the  general  practice  to  design  in 
brick,  stone,  and  steel,  and  then  to  call  upon  a 
reinforced  concrete  engineer  to  reproduce  a 
structure  in  reinforced  concrete.  This  is  an  im- 
perfect and  unscientific  method,  and  unfair  to 
the  development  of  the  true  value  of  the  con- 
crete structure.  Many  architects  and  engineers 
are,  as  yet,  too  unfamiliar  with  the  character- 
istics of  concrete  to  design  a  structure  solely 
from  that  point  of  view.  They  think  in  terms 
of  brick  and  steel,  stone  and  wood,  and  design  in 
these  materials,  and  then  attempt  to  adapt  con- 
crete to  their  structure.  The  architect  who  would 
design  intelligently  for  reinforced  concrete  must 
think  in  terms  of  reinforced  concrete,  which 
possesses  peculiar  characteristics  essentially  its 
own.  Any  design  which  is  to  be  carried  out  in  this 
material  should  be  adapted  to  its  characteristics 
and  qualifications.  The  reinforced  concrete  build- 
ing must  be  essentially  a  plain  building,  and  its 
architectural  effect  must  be  developed  by  the 
the  study  of  the  relation  of  the  openings  to  the 
masses,  together  with  the  assistance  of  some 
surface  finish  suitable  to  the  problem,  or  some 
color  scheme,  applied  by  the  insertion,  in  the 
face  of  the  structure,  of  tile,  pebble,  or  mosaic 
work. 
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STRENGTH  OF  CONCRETE 

Ice  only  an  inch  thick  covering  a  stream  or 
lake  will  carry  safely  the  weight  of  a  loaded 
team,  whereas  a  covering  of  snow  a  foot  thick 
will  not  support  the  weight  of  a  child.  What 
makes  the  difference  in  strength  between  the 
ice  and  the  snow?  Both  are  of  the  same  chem- 
ical composition.  The  only  difference  between 
them — and  the  only  cause  of  weakness  in  the 
snow  as  compared  with  the  ice — is  the  presence, 
in  the  snow,  of  a  large  proportion  of  air-spaces 
or  voids,  greatly  lowering  its  density. 

It  is  much  the  same  with  cement  mortar  and 
concrete.  The  quality  of  the  materials  entering 
into  the  mixture  will,  of  course,  affect  its 
strength.  Trap  rock  or  granite,  for  example,  will 
give  a  stronger  concrete  than  sandstone;  and  a 
good  quality  of  cement  will  prove  superior  to  a 
poorly  ground  and  poorly  calcined  product.  But, 
other  things  being  equal,  the  most  important 
.  factor  affecting  the  strength  of  concrete  is  its 
density,  and  this,  in  turn,  depends  upon  the 
quantity  of  cement  used — that  is,  the  amount 
measured  proportionately  to  the  volume  of  the 
mixed  concrete ;  upon  the  sizes  of  the  aggregates 
and  their  proportional  grading  of  coarse  and 
fine;  and  upon  the  thoroughness  with  which  the 
mixing  is  done  and  the  ingredients  compacted 
together. 

With  given  proportions  of  cement,  sand,  and 
gravel  or  crushed  stone,  the  strength  will  depend 
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chiefly  on  the  quality  of  the  materials  and  the 
thoroughness  of  the  mixing.  The  loss  of  strength 
due  to  the  use  of  improper  sand  may  amount  to 
as  much  as  50  per  cent;  and  a  25  per  cent  loss  of 
strength  may  result  from  carelessness  or  laxity 
of  methods  in  mixing. 

The  strength  of  concrete  as  shown  under  di- 
rect compression  affords  a  guide  to  the  safe 
vertical  loads  that  may  be  placed  upon  it.  The 
results  of  tests  by  Taylor  and  Thompson  are 
given  in  Table  XVII,  showing  the  safe  vertical 
loads  which  may  be  placed  upon  Portland 
cement  concrete  of  various  mixtures  after  one 
month's  setting,  where  the  height  of  the  column 
or  mass  is  not  over,  say,  twelve  times  its  least 
horizontal  dimension. 

TABLE  XVII 

Safe  Loads  for  Portland  Cement  Concrete  under  Direct 
Compression 


Proportions 

Pounds  per  Sq.  In. 

Tons  per  Sq.  Ft. 

1:2     :4 

1:2>^:5 
1:3     :6 
1:4     :8 

410 
360 
325 
260 

29 
25 
23 
18 

In  case  of  large  mass  foundations,  values  one-eighth  greater 
than  those  given  in  the  above  table  may  be  taken. 

Where  the  concrete  mass  is  subjected  to  vibrating  or  pound- 
ing loads,  the  values  given  in  the  table  should  be  reduced  one-half. 

The  tensile  strength  of  concrete  is  very 
much  less  than  the  compressive  strength,  rang- 
ing from  one-tenth  to  one-fifth  of  the  latter.  It 
is  also  a  more  uncertain  quantity.  Experiments 
by  Taylor  and    Thompson,  with  mixtures    of 
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average  proportions  gave  the  ultimate  fiber 
stress  in  beams  as  about  one-eighth  the  break- 
ing strength  in  compression.  As  a  general  thing, 
the  tensile  strength  is  not  considered  in  com- 
puting the  structural  strength  of  reinforced  con- 
crete. It  has  a  certain  bearing,  however,  on  the 
problem,  as  it  affects  the  location  of  the  neutral 
axis  in  beams,  and  further  has  an  important 
bearing  on  the  calculated  deflection  of  a  beam. 
The  tensile  strength  of  good  concrete  suitable 
for  reinforced  construction,  well  aged,  ranges 
from  200  to  500  pounds  per  square  inch. 

In  the  matter  of  the  shearing  strength  of 
concrete,  experimenters  have  reported  widely 
different  results,  varying  all  the  way  from 
equality  with  the  tensile  strength  to  equality 
with  the  compressive  strength.  The  variation 
depends  upon  the  extent  to  which  the  tensile 
stress  in  the  section  in  shear  is  overcome  by  com- 
pression at  the  same  section.  Unless  a  section  in 
shear  is  in  compression  at  the  same  time  to  over- 
come the  tension  resulting  from  the  shear,  the 
shearing  strength  of  the  section  cannot  exceed 
the  tensile  strength  of  the  concrete. 

Weight  of  Concrete.  The  weight  of  a  cubic 
foot  of  concrete  is  ordinarily  considered  as  150 
pounds,  its  variations  above  or  below  this  de- 
pending on  the  specific  gravity  of  the  materials 
used  and  the  compactness  of  the  mixture.  Cinder 
concrete  weighs  only  about  110  pounds  per  cubic 
foot,  and  its  strength  varies  from  one-half  to 
two-thirds  that  of  stone  or  gravel  concrete. 


Waterproofing  of  Concrete 

The  development  of  a  satisfactory  method  of 
waterproofing  concrete  is  one  of  the  most  diffi- 
cult and  complicated  problems  that  have  exer- 
cised the  minds  of  engineers  since  this  material 
first  came  to  be  extensively  used  as  a  factor  in 
modern  construction.  In  its  entirety,  the  prob- 
lem presents  a  great  multiplicity  of  conditions 
to  be  met  and  ends  to  be  achieired.  In  some  in- 
stances— as,  for  example,  in  the  construction  of 
reservoirs,  tanks,  and  irrigation  works — ^it  is 
necessary  to  render  the  structure  impermeable 
to  water,  even  under  abnormal  conditions  of 
pressure.  In  other  cases — as  in  the  erection  of 
foundations  and  walls  for  buildings,  where  only 
normal  conditions  of  ground- water  pressure  and 
atmospheric  moisture  are  to  be  met — ^it  is  neces- 
sary not  merely  to  prevent  seepage  of  water 
through  the  structure,  but  to  avoid  all  tendency 
even  to  the  absorption  and  retention  of  moisture 
from  the  air,  with  their  resultant  unhealthful 
dampness.  And  in  still  other  cases — as  in  some 
concrete  buildings  both  of  monolithic  and  of 
block  construction,  where  all  danger  of  the  pene- 
tration or  absorption  of  water  has  been  obviated 
—it  is  necessary  to  take  special  measures  to  pre- 
vent condensation  of  moisture  on  the  inside. 

In  view,  therefore,  of  the  great  complexity  of 
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conditions  that  characterize  the  problem,  it  is 
highly  improbable  that  any  single  method  of 
waterproofing  can  ever  be  said  to  meet  in  the 
most  effective  and  at  the  same  time  the  most 
economical  way  all  possible  conditions,  and  to  be 
unqualifiedly  "the  best"  for  all  possible  cases. 
As  with  other  engineering  problems,  the  particu- 
lar features  of  each  individual  case  call  for  indi- 
vidual attention  and  treatment. 

Concrete  is  not  the  only  porous  building  ma- 
terial that  has  been  known  to  mankind;  there  is 
abundant  authentic  evidence  to  show  that  it  has 
no  monopolj^  of  the  unenviable  quality  of  absorb- 
ing moisture.  Concrete  houses  are  not  the  only 
ones  haunted  with  the  specters  of  reeking  damp- 
ness and  mould  and  other  un-hygienic  ghosts  of 
bygone  times;  nor  are  they  the  most  difficult  to 
flood  and  flush  and  brighten  with  the  health- 
giving  stream  of  modern  sunshine  and  fresh  air. 

Wood,  brick,  stone,  and,  in  fact,  other  build- 
ing materials  in  general,  with  the  notable  excep- 
tions of  steel  and  glass,  share  in  varying  degrees 
with  concrete  the  quality  of  being  decidedly 
porous  and  absorbent;  and  it  is  altogether  prob- 
able that  if  the  principles  of  grading  and  propor- 
tioning to  give  mixtures  of  maximum  density 
had  been  fully  known  and  appreciated  in  the 
early  days  of  the  concrete  building  industry,  the 
erj^  of  "dampness''  as  regards  concrete  houses 
would  never  have  been  raised.  A  concrete  house, 
properly  built — and  it  is  possible  to  build  it  so — 
is  as  dry,  as  light  and  cheery,  as  easily  regulated 


i^/XcXcX(:\i\i\x>^i\,c>^i>ii^ 


OKNAMENTAL   DETAILS   IN    TERRACOTTA    FROM   PACIFIC 
BUILDING,  SAxN  FRANCISCO,  CAL. 


COMTRACTOR'S  SELF-RIGHTIXG  AND  BOTTOM-DUMP 
BUCKETS. 


SINGLE-DRUM  BELT  HOIST. 


TROY  DUMP  WAGON. 


CONCRETE  TWO-WAY  DUMP  CAR. 


CONTRACTOR'S  TWO-WAY  DUMP  CAR. 


CEMENT  CONSTRUCTION  193 

in  temperature,  as  well  ventilated,  and  as  health- 
ful as  one  built  of  any  other  material. 

The  importance  of  waterproofing  is  empha- 
sized by  several  considerations.  In  the  case  of 
structures  designed  to  retain  water,  it  is,  of 
course,  self-evident.  In  the  case  of  buildings 
designed  for  habitation  or  for  commercial  or 
industrial  use,  the  prevention  of  abnormal  damp- 
ness is  essential  to  the  health  and  comfort  of  the 
occupants,  and  has  an  important  bearing  on  the 
life  of  the  structure  itself.  Where  the  natural 
conditions  of  porosity  and  absorption  common  to 
structural  materials  in  general  are  allowed  to 
prevail  unchecked,  water  is  drawn  into  the  foun- 
dations from  the  surrounding  soil,  and  absorbed 
by  the  walls  from  the  atmosphere.  By  capillary 
attraction,  it  spreads  so  as  finally  to  permeate 
the  entire  structure,  actively  attacking  and  in 
time  corroding  and  destroying  the  more  or  less 
unstable  materials  of  which  the  structure  is 
built,  and  producing  damp,  clammy  walls  which 
constantly  foster  and  disseminate  disease.  The 
adoption  of  an  efficient  method  of  damp-proofing 
and  waterproofing  is  therefore  of  vital  im- 
portance, not  only  preventing  the  gradual  decay 
and  disintegration  of  structural  materials,  but 
going  further  to  establish  better  hygienic  condi- 
tions for  the  benefit  of  all  classes.  A  practical 
solution  of  the  problem,  moreover,  giving  effect- 
ive but  reasonably  cheap  methods  of  waterproof- 
ing adaptable  to  varying  conditions,  will  greatly 
promote  the  cement  industry  by  opening  up  an 
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enlarged  field  of  usefulness  for  concrete,  allow- 
ing it  to  be  used  in  a  great  variety  of  work  to 
which  its  formative  characteristics  peculiarly 
adapt  it,  but  for  which,  without  protection,  it 
would  be  of  little  value. 


METHODS  OF  WATERPROOFING 

The  various  methods  devised  for  the  water- 
proofing of  concrete  may  be  classified  under  two 
broad  divisions  as  follows: 

1.  Integral  methods,  in  which  the  mass  of  the  con- 
crete itself  is  waterproofed  prior  to  setting. 

2.  Methods  of  external  or  surface  treatment,  in  which 
a  protective,  impervious  covering  is  applied  to  the  sur- 
face of  concrete  or  placed  between  successive  strata  dur- 
ing the  erection  of  the  structure. 

Both  of  these  methods  may  be — and  in  many 
instances  are — effectively  combined  in  the  same 
construction. 

Each  of  the  above  classes  into  which  water- 
proofing  methods  are  divided  may  be  further 
subdivided  into  a  number  of  special  methods  dif- 
fering from  one  another  in  marked  characteris- 
tics. 

Integral  methods,  for  example,  comprise 
three  great  subdivisions  as  follows : 

(a)  The  use  of  carefully  graded  and  propor- 
tioned and  thoroughly  compacted  mixtures  to 
give  maximiun  density  to  the  concrete. 

(b)  The  introduction  of  special  waterproof- 
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ing  materials  into  the  mixture ;  these  may  be  in 
the  form  of  a  powder,  a  paste,  or  a  liquid. 

(c)  The  special  treatment  of  Portland  ce- 
ment itself  during  the  process  of  manufacture, 
so  that  as  it  comes  from  the  mills  it  already  con- 
tains all  the  waterproofing  elements  required, 
with  appropriate  aggregates,  to  give  an  imper- 
vious mixture. 

Surface-treatment  methods  of  waterproofing 
may  be  subdivided  according  to  the  materials 
used: 

(a)  One  method  that  has  been  very  widely 
adopted  and  has  been  found  of  great  practical 
efficiency,  even  under  conditions  of  great  sever- 
ity, consists  in  the  use  of  asphalt  or  of  asphalt- 
or  tar-product  mixtures,  either  used  alone  or  in 
combination  with  felt  or  similar  waterproofing 
fabrics.  This  method  will  be  more  fully  described 
later. 

(b)  A  method  that  has  been  proved  ef- 
fective where  the  requirements  are  not  very 
severe  consists  in  plastering  the  wall — immedi- 
ately after  the  removal  of  the  forms,  if  possible 
— with  a  coat  of  very  rich  cement  and  sand  mor- 
tar. This  coating  is  usually  fi'om  one-half  to 
three-quarters  of  an  inch  thick,  and  lime  paste 
is  sometimes  added  for  smoothness  in  working. 
It  is  essential  that  the  coating  be  well  troweled 
and  smoothed  off,  preferably  with  a  wooden 
float,  as  the  hard  skin  developed  by  such  treat- 
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ment  is  practically  waterproof.  A  neat  cement 
wash  is  sometimes  used,  applied  with  a  brush. 
On  horizontal  or  inclined  surfaces,  the  surface 
of  the  concrete  should  be  worked  and  troweled, 
giving  the  effect  of  a  cement  coating. 

(c)  Another  method  that  has  given  satis- 
factory results  in  preventing  water  penetration 
and  absorption  under  conditions  of  moderate 
pressure,  consists  in  the  application  of  washes 
that  depend,  for  their  effect,  upon  chemical 
action.  Perhaps  the  most  widely  used  example 
of  this  method  is  what  is  known  as  the  Sylvester 
process  of  waterproofing,  which  consists  in  the 
alternate  application  of  hot  solutions  of  castile 
soap  and  alum.  The  application  is  preferably 
made  while  the  concrete  is  still  *' green;" 
but  the  process  may  be  used  for  the  water- 
proofing of  old  walls  either  of  cement  or  lime 
plaster,  stone,  brick,  or  other  more  or  less  porous 
material.  The  walls  in  every  case  should  be  clean 
and  as  dry  as  possible,  and  the  temperature  of 
the  air  not  lower  than  50°  F.  The  soap  is  first 
dissolved  in  water — three-quarters  of  a  pound 
of  soap  to  a  gallon  of  water — and,  while  boiling 
hot,  is  spread  over  the  surface  with  a  flat  brush. 
Twenty-four  hours  later,  the  alum  solution — one 
pound  of  alum  to  eight  gallons  of  water — should 
be  applied  in  the  same  manner,  at  a  temperature 
of  about  65°  F.  The  process  is  repeated  every 
twenty-four  hours,  four  coats  being  usually  suf- 
ficient to  effect  the  desired  result.     From  the 
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chemical  combination  of  the  soap  and  alum,  an 
insoluble  compound  is  formed  which  effectively 
fills  the  pores  of  the  structure  to  an  appreciable 
depth  and  checks  the  penetration  of  moisture. 

A  process  similar  to  the  above  in  its  action 
has  been  used  for  making  mortar  non-absorbent. 
Powdered  alum  (one  per  cent  by  weight)  is  thor- 
oughly mixed  with  the  dry  cement  and  sand; 
and  about  one  per  cent  of  any  potash  soap  (such 
as  ordinary  soft  soap)  is  dissolved  in  the  water 
used  in  mixing  the  mortar.  A  wash  consisting 
of  five  pounds  of  alum  dissolved  in  two  gallons 
of  water,  to  which  one  pound  of  concentrated 
lye  has  been  added,  has  been  successfully  used 
on  green  concrete  surfaces.  Boiled  linseed  oil, 
applied  in  successive  coats  until  it  ceases  to  be 
absorbed,  has  also  been  used  effectively. 

(d)  In  addition  to  the  above  methods  of 
surface  treatment,  there  are  on  the  market  a 
large  number  of  special  patented  waterproofing 
compounds  and  processes  of  more  or  less  merit, 
manufactured  according  to  formulae,  and  sold 
under  various  proprietary  trade  names.  These 
are  listed  and  described  in  greater  or  less  detail 
below. 

It  must  be  understood  that  there  is  no  hard 
and  fast  line  of  demarcation  between  the 
integral  and  surface  methods  of  treatment.  A 
method  that  is  in  its  nature  essentially  integral, 
involving  the  incorporation  of  special  materials 
throughout  the  mass  of  the  concrete  directly 
affected — as,  for  example,  in  the  case  of  ''hydro- 
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lithic"  cement — ^may,  in  the  manner  of  its  appli- 
cation,  have  all  the  appearance  of  a  purely  sur- 
face method  of  treatment,  the  waterproofed 
material  being  spread  upon  the  surface  or  depos- 
ited between  successive  strata  in  much  the  same 
way  as  asphalt  and  other  bituminous  products 
are  applied. 

As  already  explained,  the  relative  merits  of 
different  methods  of  waterproofing  will  depend 
upon  the  severity  of  the  requirements  to  be  met, 
and  upon  local  conditions  peculiar  to  the  indi- 
vidual work  in  hand.  It  would  be  beyond  the 
province  of  this  general  work  of  reference  to 
advocate  any  one  method  as  universally  superior 
to  any  other,  our  purpose  being  merely  to  place 
in  our  readers'  hands  a  clear  and  intelligent 
classification  and  description  of  the  various  at- 
tempts that  have  been  made  to  solve  this  great 
problem  under  thie  conditions  of  up-to-date 
practice — a  comprehensive  summary  of  the  re- 
sults achieved  and  the  claims  set  forth. 

There  are  some  points  of  vital  bearing  on  the 
problem  of  waterproofing,  regarding  which  there 
is  no  dispute.  It  is  universally  conceded,  for 
example,  that  proper  proportioning  of  ingredi- 
ents, proper  grading  of  aggregates,  thoroughness 
of  mixing,  and  careful  methods  of  placing  con- 
crete are  factors  of  the  utmost  importance.  The 
densest  concrete  that  can  be  made  with  the  given 
materials  will  be  the  most  impervious  to  water. 
Also,  the  richer  the  mix,  where  no  special  com- 
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pounds  are  used,  the  more  nearly  waterproof 
will  the  concrete  be.  It  is  evident,  therefore,  for 
practical  reasons,  that,  for  waterproofing  work 
where  the  concrete  alone  is  depended  upon,  a 
tendency  to  excess  of  fine  materials  is  better 
than  the  reverse.  Especially  in  monolithic  con- 
struction, it  is  now  generally  conceded  that  a 
wet  mixture,  a  rich  concrete,  and  a  proportioning 
of  aggregates  to  give  great  density,  are  essential 
for  securing  a  waterproof  structure. 

Concrete  which  was  not  water-tight  when 
placed  has  sometimes  been  observed  to  become 
so  after  the  lapse  of  time.  Where  constantly 
subjected  to  only  moderate  water  pressure, 
there  is  a  marked  tendency  of  the  seepage  pas- 
sages to  become  closed  as  the  result  of  the  opera- 
tion of  natural  causes.  Impermeability,  like 
hardness  itself,  increases  with  age.  Various 
explanations  of  this  phenomenon  have  been 
given.  Some  think  it  due  to  the  crystallization, 
near  the  surface,  of  certain  materials  dissolved 
by  the  water  during  its  passage  through  the 
concrete ;  others  attribute  it  to  the  gradual  accu- 
mulation of  silt  carried  in  suspension  by  the 
water. 

Where  a  heavy  pressure  is  constantly  main- 
tained against  the  concrete,  on  the  other  hand — 
and  especially  if  the  work  is  near  salt  water — 
these  results  cannot  be  looked  for.  Where  the 
work  is  of  such  magnitude  as  to  extend  over 
several  days  for  construction,  seepages  are  likely 
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to  occur,  especially  along  the  line  where  one 
day^s  work  joins  that  of  another,  the  flow,  in- 
stead of  diminishing,  becoming  freer  with  the 
lapse  of  time.  In  such  cases  a  special  water- 
proofing process  becomes  an  imperative  neces- 
sity. In  any  case  it  is  advisable  to  make  pro- 
vision for  thorough  water-tightness  from  the 
start. 

The  amount  of  pressure  exerted  by  water 
against  walls  and  beneath  floors  is  frequently 
underestimated,  especially  where  the  hydrostatic 
head  is  low  or  is  prevalent  for  but  a  short  time 
after  a  rainfall.  Table  XVIII,  showing  the 
pressure  exerted  on  floors  and  walls  by  water 
under  various  hydrostatic  heads,  will  assist  the 
reader  to  a  clear  understanding  of  the  force 
which  waterproofing  methods  must  be  designed 
to  withstand. 


TABLE  XVIII 
Pressure  of  Water  under  Various  Hydrostatic  Heads 


Hydrostatic 
Head 

Pressure 

PER  Square 

Inch 

Lifting  Pres- 
sure PER  Square 
Foot 
(UNDER  Floor) 

Average  Pressure 

PER  Square  Foot 

ON  Wall  Surface 

Affected 

0.5  Ft. 

0.21  Lbs. 

31.2  Lbs. 

15.6  Lbs. 

1.0  " 

0.43    " 

62.5    " 

31.2    " 

2.0  " 

0.86    " 

125.0    " 

62.5    " 

3.0  " 

1.30    " 

187.5    " 

93.7    " 

4.0  " 

1.73    " 

250.0    " 

125.0    " 

5.0  " 

2.17    " 

312.5    " 

156.2    " 

6.0  " 

2.60    " 

375.0    " 

187.5    " 

8.0  " 

a.47    " 

500.0    " 

250.0    " 

10.0  " 

4.34    " 

625.0    " 

312.5    " 

12.0  " 

5.21    " 

750.0    " 

375.0    " 

15.0  " 

6.51    " 

937.5    " 

468.7    " 

20.0  •• 

8.68    " 

1,250.0    " 

625.0    " 

25.0  " 

10.85    " 

1,562.5    " 

781.2    " 

30.0  " 

13.02    " 

1,875.0    " 

937.5    " 

40.0  " 

17.36    " 

2,500.0    " 

1,250.0    " 

60.0  " 

26.04    " 

3,750.0    " 

1,875.0    " 

80.0  " 

34.72    " 

5,000.0    " 

2,500.0    " 

100.0  " 

43.40    " 

6,250.0    " 

3,125.0    " 
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Integral  Methods  of  Waterproofing 

Under  this  head,  as  before  explained,  come 
all  those  details  that  relate  to  the  securing  of 
maximum  density  in  the  concrete  itself  by  the 
use  of  carefully  graded  and  proportioned  and 
well-compacted  mixtures.  In  addition,  how- 
ever, this  heading  embraces  a  great  variety  of 
special  products  intended  for  direct  incorpora- 
tion in  the  concrete  mass.  The  majority  of  these 
on  the  market  are  in  powder  form,  but  some  are 
in  the  form  of  a  solution. 

Among  those  sold  in  powder  form  are  the 
following:  Hydrated  Lime  (''Crown  Hydrate," 
"Tiger  Brand  White  Rock  Finish,"  etc.); 
"Ideal"  Waterproofing  Filler;  "Trus-Con" 
Waterproofing  Filler;  "Anhydra;"  "Hydra- 
tite;",  Hydrolithic  Cement;  "Medusa"  Water- 
Proof  Compound;  "Whitehall"  Waterproofing 
Compound;  "Toxement,"  etc. 

Among  those  which  come  in  the  form  of  a 
solution  are:    "Anti-Hydro;"  "Aquabar,"  etc. 

Anhydra.  This  is  a  white,  dry  powder  re- 
sembling talcum  powder  in  appearance  and 
texture.  Like  all  other  waterproofing  com- 
pounds, it  must  be  very  thoroughly  mixed  with 
the  other  ingredients  in  the  concrete  to  get  the 
best  results.  When  added  to  cement  in  the  pro- 
portion of  two  per  cent  of  the  weight  of  the 
neat  cement,  it  is  claimed  to  render  any  con- 
crete in  which  this  cement  is  used  in  reasonable 
proportions  permanently  impervious  to  water. 
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and  to  do  so  without  stain  or  discoloration.  Its 
proprietors  proclaim  for  it  a  very  wide  range 
of  adaptability — for  the  top  dressing  of  floors; 
for  the  waterproofing  of  cellars  and  basements, 
swimming  pools,  tanks,  silos  and  reservoirs, 
concrete  blocks,  etc. 

Anti- Hydro.  This  proprietary  compound 
for  waterproofing  purposes  is  described  by  the 
manufacturers  as  *'a  solution,  neutral  to  cement, 
which,  when  added  in  certain  percentage  to  the 
water  used  in  mixing  Portland  cement  in  the 
usual  way,  has  the  effect,  without  retarding  its 
setting,  of  rendering  the  cement  in  all  kinds  of 
masonry  impervious  to  water,  moisture,  frost, 
gas,  odors,  etc.  It  hardens  and  increases  the 
tensile  strength  fuUy  25  per  cent,  makes  more 
uniform  and  composite  the  texture,  and  over- 
comes in  a  large  measure  the  non-resilience  of 
the  cement  mixtures  to  strains  and  shocks.  It 
makes  them  dustless  and  gives  no  discoloration. 
It  acts  upon  cement  while  it  sets;  increases  the 
natural  density  of  that  material,  and  in  so  doing 
draws  together  all  the  other  constituents  of  a 
concrete,  mortar,  or  stucco,  intensifying  the 
congestion  so  that  their  hygrometric  natures  are 
changed,  and  capillary  action  and  percolation 
prevented."  Cement  coatings  treated  with  this 
compound  are  said  to  be  '*  fireproof,  besides  being 
non-conductors.  In  color  they  are  light  gray, 
but  can  be  given  almost  any  color.  The  bond 
to  brick,  stone,  concrete,  or  to  cement  finished 
surfaces    is    perfect,     adhering    permanently 
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against  any  head  of  water.''  The  compound  is 
also  claimed  to  establish  in  concrete  a  resistance 
to  acid  conditions. 

In  the  waterproofing  of  walls,  floors,  etc., 
under  moderate  conditions  of  wetness,  the  best 
results  with  this  compound  are  said  to  be  at- 
tained by  using  a  stucco  or  mortar  about  three- 
quarters  of  an  inch  thick,  applied  in  the  follow- 
ing manner : 

The  surface  must  first  be  absolutely  cleaned 
of  all  paint,  whitewash,  or  other  foreign  sub- 
stances, and  must  be  *' roughed"  sufficiently  for 
the  cement  to  bond  to,  and  be  well  dampened. 

Next,  a  "slush  coat"  or  grout  of  neat  cement, 
mixed  with  water  in  the  proportion  of  one  part 
of  the  compound  to  ten  parts  water,  is  applied. 

This  is  followed  with  a  "scratch  coat"  one- 
fourth  to  three-eighths  inch  thick,  one  part 
cement  to  two  parts  clean,  sharp  sand,  mixed 
with  water  containing  the  same  proportion  of 
the  compound  as  for  the  slush  coat. 

Finally,  after  the  scratch  coat  has  had  its 
initial  setting,  a  "finish  coat"  one-fourth  to 
three-eighths  inch  thick  is  applied,  mixed,  one 
part  cement  to  one  part  clean,  sharp  sand,  with 
water  containing  the  same  proportion  of  the 
compound  as  for  the  previous  coats,  one  to  ten. 
The  finish  coat  should  be  well  troweled. 

Aquabar.  The  waterproofing  compound  sold 
under  this  name  is  a  paste-like  solution,  which 
is  used  by  being  diluted  in  the  water  with  which 
the  cement  is  tempered.    The  proportions  rec- 
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ommended  are  one  part  of  the  compound  to 
twenty-four  parts  of  water.  It  is  claimed  to  be 
efficient  in  establishing  water-tightness  even 
against  heavy  pressure,  and  to  be  of  such  com- 
position that  it  will  not  evaporate  from  mortar 
or  concrete  or  lose  its  obstructive  qualities  with 
age.  Its  action  is  described  as  "that  of  filling 
all  the  voids  or  pores  to  such  an  extent  as  to 
make  the  cement  mortar,  when  set,  entirely 
moisture-proof."  It  may  be  used  in  the  lightest 
kind  of  block  work  or  the  heaviest  form  of  mass 
work,  in  joints,  in  facing  for  concrete  work,  or 
may  be  applied  merely  as  a  surface  coating  to 
concrete,  stone,  brick,  terra-cotta,  etc.  On  ac- 
count of  the  simplicity  of  mixing,  it  may  be 
handled  by  unskilled  labor  and  manipulated 
with  perfect  freedom  and  deliberation.  It  is 
claimed  not  to  discolor  or  stain,  and  not  to  affect 
in  any  material  degree  the  strength  of  concrete 
in  which  it  is  used.  Also,  it  is  said  to  contain 
no  constituents  tending  to  corrode  steel,  so  that 
it  may  safely  be  used  with  concrete  in  which 
expanded  metal,  metal  lath,  wire  fabric,  steel 
rods,  shapes,  etc.,  are  embedded. 

The  waterproofing  capacity  of  the  compound 
is  indicated  in  the  fact  that  two  gallons  mixed 
in  cement  will  provide  a  coating  one  inch  thick 
over  a  surface  of  200  to  250  square  feet;  in  mass 
work,  the  same  quantity  will  waterproof  one  to 
one  and  one-half  cubic  yards;  and  used  as  a 
wash,  two  gallons  will  cover  500  square  feet  of 
surface,  two  coats. 
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Hydrated  Lime.  This  substance — placed  on 
the  market  under  a  variety  of  trade  names,  such 
as  Crown  Hydrate,  Tiger  Brand  White  Rock 
Finish,  etc. — consists  of  a  very  high  grade  of 
calcium  oxide,  almost  100  per  cent  chemically 
pure.  It  is  mixed  dry  with  the  cement  and  ag- 
gregates, before  the  addition  of  the  water. 
While  the  amount  to  be  used  should  vary  some- 
w^hat  with  the  character  of  the  work  required, 
an  admixture  of  10  to  25  per  cent  by  weight  of 
hydrated  lime  to  the  amount  of  the  cement  used 
will  greatly  increase  the  water-tightness  of  the 
concrete  and  make  a  rich  mixture  practically 
waterproof.  The  action  of  the  lime  seems  to 
depend  largely  on  the  fact  of  its  extreme  fine- 
ness, which,  it  is  claimed,  exceeds  that  of  the 
finest  ground  Portland  cement,  and  renders  it 
capable  of  filling  smaller  voids,  thereby  increas- 
ing the  density  of  the  mixture.  It  increases  the 
plasticity  of  mortar  and  concrete,  and  their  ease 
of  working  under  the  trowel,  thus  adding  to  the 
capacity  of  workmen  in  lajdng  brick,  blocks, 
stone,  etc.  It  also  greatly  increases  the  adhesive 
power  of  mortar,  the  lime  retaining  moisture 
longer  than  cement  alone,  thus  retarding  the  set 
and  enabling  the  mortar  to  penetrate  deeper  and 
gain  a  stronger  grip. 

In  a  paper  read  before  the  1908  annual  meet- 
ing of  the  American  Society  for  Testing  Mate- 
rials, and  based  on  a  number  of  careful  tests, 
Sanford  E.  Thompson  announced  his  conclusions 
regarding  the  effect  of  hydrated  lime  upon  the 
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permeability  of  concrete  to  which  it  is  added, 
as  follows: 

1.  Hydrated  lime  increases  the  water-tight- 
ness of  concrete. 

2.  Effective  proportions  of  hydrated  lime 
for  water-tight  concrete  were  found  to  be  as 
follows: 

One  part  Portland  cement ;  2  parts  sand ;  4  parts  stone ; 
add  8  per  cent  hydrated  lime. 

One  part  Portland  cement;  2%  parts  sand;  4^  parts 
stone ;  add  12  per  cent  hydrated  lime. 

One  part  Portland  cement ;  3  parts  sand ;  5  parts  stone ; 
add  16  per  cent  hydrated  lime. 

These  percentages  are  based  on  the  weight 
of  dry  hydrated  lime  to  the  weight  of  dry 
Portland  cement. 

3.  The  cost  of  large  waterproof  concrete 
structures  may  be  frequently  reduced  by  em- 
ploying leaner  proportions  of  concrete  with 
hydrated  lime  admixtures ;  and  small  structures, 
such  as  tanks,  may  be  made  more  water-tight. 

4.  Lime  paste  made  from  a  given  weight  of 
hydrated  lime  occupies  about  2%  times  the  bulk 
of  paste  made  from  the  same  weight  of  Port- 
land cement,  and  is,  therefore,  very  efficient  and 
void-filling. 

Hydrated  lime  will  not  swell  or  expand  in 
concrete  as  will  ordinary  free  lime.  The  swell- 
ing of  free  lime  in  concrete  after  the  work  has 
set  and  hardened,  sets  up  internal  stresses  which 
may  cause  the  work  to  crack  and  peel  off  the 
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surface,  and  may  also  give  rise  to  blow-holes. 
These  undesirable  results,  it  is  claimed,  are 
avoided  by  the  use  of  hydrated  lime. 

Many  of  the  advantages  claimed  for  this  ma- 
terial are  based  on  considerations  of  economy. 
The  addition  of  a  small  proportion  of  hydrated 
lime  will  greatly  increase  the  amount  of  work 
that  can  be  done  with  a  certain  weight  of 
cement. 

The  quantity  of  lime  that  can  be  added  to  a 
mortar  depends  entirely  upon  the  amount  of 
Portland  cement  that  is  present  in  the  mixture. 
The  best  results  seem  to  be  attained  when  the 
proportion  of  cement  to  lime  is  as  1  to  1, 
although  proportions  ranging  from  1  to  %  up  to 
1  to  2  have  been  used.  The  mortar  made  from 
one  part  Portland  cement  combined  with  six 
parts  sand  and  one  of  lime  paste,  seems  to  give 
the  best  results.  The  sand-carrying  power  of 
the  cement  is  almost  doubled  by  this  mixture; 
and  the  mortar  is  easy  to  work,  of  great  strength, 
hardening  rapidly  in  air,  and  offering  a  perfect 
resistance  to  the  weather. 

Hydratite.  This  compound  also  comes  in 
powder  form,  and  is  first  mixed  dry  with  ce- 
ment. Damp  sand  in  the  proper  proportions  is 
then  mixed  in,  after  which  water  is  added  to 
give  the  required  consistency.  Under  average 
conditions,  the  quantity  of  hydratite  needed  is 
two  per  cent  of  the  weight  of  the  Portland  ce- 
ment used,  or  eight  pounds  to  the  barrel.  The 
area  which  one  barrel  of  Portland  cement  in 
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various  mixtures  will  cover  with  coatings  of 
varying  thickness,  is  shown  as  follows : 


Pbopoetions 


1  Cement 
1  Sand    .. 


1  Cement 

2  Sand   .. 


1  Cement 
3  Sand   .. 


Thickness 
OF  Coating 

'   1 


1/2 
1/4 


1 

%  in 

1/2  in 

}A  in 


m. 
in. 
in. 
in. 

in. 
in. 
in. 
in. 

in, 


Yield  in 
Sq.  Pr. 

67 

90 
134 
268 

104 
129 
208 
416 

140 
187 
280 
560 


The  effects  secured  by  the  use  of  hydratite, 
it  is  said,  are  due  to  its  chemical  action  upon 
the  constituents  of  the  body  into  which  it  enters. 
By  this  chemical  activity  it  becomes  an  integral 
part  of  the  mass,  and  the  water-resisting  prop- 
erty it  gives  is  claimed  to  be  permanent.  It 
increases  the  sand-carrying  capacity  of  cement, 
and  is  said  to  have  no  deleterious  effect  on  the 
strength  of  the  concrete  or  its  final  setting.  Its 
tendency  is  to  make  the  concrete  several  shades 
lighter  than  it  would  otherwise  be.  A  wide 
range  of  usefulness  is  claimed  for  it  by  its  pro- 
prietors— in  reinforced  work,  stucco,  walls  (ap- 
plied on  interior  side),  floors  (applied  in  top 
dressing),  reservoirs,  tanks,  cisterns,  silos,  etc. 


"HAYDEN"    AUTOMATIC    CONCRETE    BLOCK 
MACHINE. 

Showing  block  released  from  mould  and  resting 
on  pallet.     See  page  307. 


"FRANCISCO"   ADJUSTABLE   CONCRETE    BLOCK   MACHINE. 
Machine  released,  with  block  delivered,  ready  to  be  carried  away. 


'DIAMOND"  CONXRETE  BLOCK 
MACHINE. 


DETAIL  OF  WALL  CONSTRUCTION. 

Blocks    have    self-lining    and    interlocking    features    that 
enable  them  to  be  placed  by  inexperienced  labor. 
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In  substructural  work,  walls  exposed  to  ground- 
water pressure  are  plastered  on  the  inside  with 
a  waterproofed  coating  of  mortar.  This  should 
be  carried  down  below  the  level  of  the  floor- 
line;  and  when  the  floor  is  laid,  it  should  also 
have  a  waterproofed  top  finish. 

Hydrolithic  Cement.  Unlike  the  water- 
proofing compounds  intended  for  mixing  with 
cement  or  concrete,  hydrolithic  cement  is  itself 
a  waterproofed  cement  having,  it  is  claimed,  all 
the  good  points  of  a  first-class  Portland  cement, 
with  the  addition  that  it  is  water-repellant  and 
can  be  mixed  with  water  only  after  the  addition 
of  sand  and  by  special  manipulation.  Hydro- 
lithic cement  coating  is  a  mixture  of  this  cement 
with  a  special  grade  of  sand  absolutely  free  from 
loam  and  nicely  graduated  as  to  size  of  grain, 
from  fine  to  coarse.  It  requires  expert  handling 
in  mixing,  and  can  be  successfully  used  only 
after  intelligent  preparation  of  the  surface  to 
which  it  is  to  be  applied.  For  these  reasons 
hydrolithic  cement  is  not  offered  directly  for 
sale,  but  is  applied  exclusively  by  the  propri- 
etary company. 

A  typical  example  of  the  application  of 
hydrolithic  cement  to  the  waterproofing  of  floors 
and  walls  is  illustrated  in  Fig.  13.  The  process 
is  claimed  to  meet  successfully  the  severest  con- 
ditions of  pressure  in  basements,  subways,  reser- 
voirs, etc.,  and  it  is  applicable  to  structures  of 
stone  or  brick  as  well  as  of  concrete.  So  intimate 
a  bond  is  said  to  be  secured  by  intelligent  work- 


210 


CEMENT  CONSTEUCTION" 


mansliip,  that  the  cement  coating  becomes  an 
integral  part  of  the  structure  to  which  it  is  ap- 
plied. It  has  been  known  to  withstand,  without 
cracking  and  without  showing  the  slightest  evi- 
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Fig.  13.    One  Method  of  Waterproofing  a  Building, 
and  floor  are  placed  monolithic;  waterproof  coating  applied 
on  inner  surface. 


dence  of  percolation,  a  pressure  of  140  pounds 
to  the  square  inch. 

In  waterproofing  walls,  the  coating,  where 
practicable,  is  placed  upon  the  inner  face  of  the 
wall,  being  applied  in  two  coats — scratch  and 
finish — ^and,  when  completed,  is  five-eighths  of 
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an  inch  in  thickness,  left  with  an  even,  smooth 
surface. 

In  floor  work,  the  coating  is  placed  over  the 
upper  surface  of  the  floor-slab,  where  it  fulfills 
the  double  purpose  of  a  waterproof  medium  and 
a  wearing  surface. 

Hydrolithic  cement  has  little  elasticity,  and 
for  that  reason,  especially  in  concrete  construc- 
tion, it  is  necessary  to  use  proper  reinforcement 
to  provide  against  the  development  of  shrinkage 
cracks  which  would  cause  leakage  and  other 
troubles. 

Ideal  Water-Proofing  Filler.  This  is  mixed 
in  small  proportions  with  dry  Portland  cement 
before  the  addition  of  sand  and  water,  and  is 
claimed  to  render  mortar  or  concrete  made  from 
the  cement  practically  impervious  to  water, 
without  affecting  the  color,  strength,  setting,  or 
hardening  qualities  of  the  mixture.  For  most 
purposes,  from  one  to  two  per  cent  of  the  weight 
of  cement  used  is  prescribed  as  sufficient.  This 
is  equivalent  to  from  foiu"  to  eight  pounds  of  the 
filler  to  one  barrel  of  cement,  or  from  one  to 
two  pounds  of  filler  to  one  bag  of  cement.  The 
precise  amount  to  be  used  must  be  left  to  the 
experience  of  the  user,  and  depends  upon  the 
proportion  of  sand,  etc.,  employed,  and  on  the 
kind  of  work  to  be  done.  Where  the  conditions 
are  severe,  as  in  cistern  and  reservoir  linings, 
larger  proportions  of  filler  should  be  used. 
Thorough  mixing  is  of  the  utmost  importance 
here,  as  in  all  cases  where  waterproofing  com- 
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pounds  are  used.  The  proprietors  claim  that 
one  per  cent  of  the  filler  is  sufficient  to  make 
concrete  building  blocks  practically  water-tight, 
and  that  it  needs  to  be  applied  only  to  the  rich 
facing  of  the  blocks. 

Medusa  Water-Proof  Compound.  This  is 
still  another  of  the  patented  waterproofing 
materials  placed  on  the  market  in  powder  form. 
Under  ordinary  circumstances,  from  one  to  two 
per  cent  of  the  weight  of  the  cement  used,  or 
from  four  to  eight  pounds  of  the  compound  to 
one  barrel  of  cement,  is  claimed  to  be  sufficient 
for  waterproofing  purposes,  though,  where  high 
pressures  are  encountered,  as  in  cistern  and 
reservoir  linings,  somewhat  larger  amounts  must 
be  used.  The  compound,  it  is  further  claimed, 
prevents  the  white  efflorescence  which  so  often 
renders  cement  work  unsightly;  and  its  use  will 
also  prevent  crazing  or  formation  of  hair  cracks 
on  the  surface  of  the  concrete. 

The  method  of  using  it  is  to  mix  it  thor- 
oughly with  the  dry  cement  before  the  addition 
of  sand  and  water.  It  greatly  increases  the 
void-filling  capacity  of  the  cement  paste,  re- 
ducing porosity  even  in  comparatively  poor 
mixtures  strong  enough  in  themselves  for  the 
purpose  in  view,  but  objectionable  because  of 
their  degree  of  absorption.  It  is  therefore 
claimed  to  reduce  the  proportion  of  cement 
needed  to  give  water-tightness,  and  accordingly 
to  be  economical.  The  proprietors  claim  to  have 
found  by  experiment  that  cement  with  one  per 
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cent  of  the  compound,  mixed  with  five  parts  of 
sand,  gives  a  more  impervious  mortar  than  ordi- 
nary untreated  cement  with  two  parts  of  sand; 
also,  that  hollow  concrete  blocks  made  with 
cement  to  which  one  per  cent  of  the  compound 
has  been  added,  with  five  parts  of  sand  and 
gravel,  resist  water  better  than  blocks  made  in 
the  proportion  of  1  to  2  without  the  compound. 
It  is  also  claimed  that  the  compound  contains 
nothing  which  can  have  any  injurious  effect  upon 
steel  or  other  metal,  but,  on  the  other  hand,  pos- 
sesses properties  tending  to  prevent  corrosion 
of  the  metal  embedded  in  the  concrete  in  which 
the  compound  is  used. 

Toxement  is  another  waterproofing  com- 
pound to  be  classed  as  *' integral."  It  is  mixed, 
two  per  cent  by  weight,  with  the  dry  Portland 
cement  before  making  the  concrete,  and  is  said 
to  be  effective  against  pressure. 

*'Tnis-Con"  Waterproofing  Filler.  This  is 
one  of  a  large  line  of  chemical  products  sold 
under  this  special  trade  name,  which  are 
adapted  to  a  great  variety  of  uses  in  connection 
with  construction  work  in  general.  The  filler  is 
in  the  form  of  a  dry  powder,  which  is  added  in 
very  small  quantities  (2  per  cent — that  is,  2 
pounds  to  a  bag,  or  8  pounds  to  a  barrel)  to  the 
dry  cement  before  mixing  with  sand  or  stone. 
It  is  claimed  by  the  manufacturers  to  render 
mortar  or  concrete  absolutely  and  permanently 
impervious,  even  when  subjected  to  abnormal 
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water  pressures,  and  without  any  detrimental 
effect  upon  the  strength  or  permanency  of  the 
concrete.  It  is  adaptable  to  exterior  plaster- 
ing and  stucco  work,  giving  a  dry  wall  that  ex- 
cludes dampness;  to  structures  designed  for 
retaining  water,  as  reservoirs,  silos,  etc.,  pre- 
venting leakage;  to  concrete  block  construction 
(either  on  face  alone  or  throughout  bod}^  of 
block) ;  and  to  substructural  work,  such  as  foun- 
dations and  underground  masonrj^  in  general. 
Where  a  waterproof  coating  of  plaster  is  to  be 
applied  to  old  concrete,  "Trus-Con  Bonding 
Coat"  is  used  to  secure  a  bond.  This  is  a  hydi'O- 
carbon  product  made  by  fusing  specially  selected 
gimas,  and  designed  for  waterproof  coating  on 
interior  of  exposed  walls.  It  is  but  partially 
absorbed  into  the  masonry,  and,  by  remaining 
flexible  and  tacky,  furnishes  a  strong  and  per- 
manent bond  to  the  scratch  coat  of  plaster 
troweled  directly  over  it. 

The  quantities  of  cement,  sand,  and  Trus-Con 
waterproof  filler  required  for  100  square  feet  of 
surface  with  various  mixtures  and  thicknesses 
of  mortar,  are  shown  in  the  accompanying  table : 


PROPORTIONS 

One  Part  Cement f 

Two  Parts  Sand J 

Area  100  SQuare  feet ( 

One  Part  Cement ( 

Threfi  Parts  Sand J 

Area  100  sauare  feet ^ 


Thick- 
ness 

Barrels 
Cement 

Cubic 

Yards 

Sand 

Pounds 
Filler 

lin. 

.96 

.28 

7.7 

5iin. 

.72 

.21 

5.8 

H  in. 

.48 

.14 

3.8 

a  in. 

.24 

.07 

1.9 

lin. 

.67 

.31 

5.3 

^in. 

.50 

.23 

4.0 

^in. 

.33 

.15 

2.7 

)4in. 

17 

.08 

1.3 
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Whitehall  Waterproofing  Compound.  This 
compound  is  essentially  a  form  of  precipitated 
paraffine  which  is  incorporated  with  the  cement 
used  in  making  concrete.  Its  particles  are  ex- 
cessively fine,  and  its  action  is  based  on  the  well- 
known  water-repelling  properties  of  paraffine. 
It  is  claimed  to  have  been  shown  by  competent 
tests,  that  the  addition  of  this  waterproofing 
material  does  not  decrease  in  any  way  whatso- 
ever either  the  tensile  or  the  compressive 
strength  of  the  cement. 

Surface-Treatment  Methods  of  Waterproofing 

Under  this  head  we  find  the  widely  used 
processes  of  asphalt  and  tar-product  water- 
proofing, together  with  a  long  list  of  special 
proprietary  compounds  (many  of  which  are 
asphaltic  or  bituminous  in  their  nature)  sold  in 
paste  or  liquid  form  for  direct  application  to 
the  surface;  also  various  special  brands  of 
weather-proofing  and  damp-proofing  paints. 

Antihydrine.  This  compound  is  described 
as  a  material  ''made  of  a  high  grade  of  asphalt, 
carefully  prepared  in  combination  with  several 
chemicals  which  give  it  the  peculiar  property  of 
forming  (without  heating)  a  continuous,  glossy, 
and  impervious  coating  upon  porous  surfaces." 
It  is  applied  cold,  with  a  brush,  like  paint  or 
whitewash,  one  gallon  covering  about  100  square 
feet  of  brickwork  or  fireproofing,  and  a  single 
coat,  it  is  said,  being  sufficient,  when  properly 
applied,  to  prevent  dampness  and  stains.    It  is 
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adaptable  to  the  inside  of  outside  walls,  doing 
away  with  the  wood  furring;  to  blocks  in  ceilings 
and  partitions;  and  to  built-in  surfaces  of  iron, 
limestone,  marble,  face  brick,  etc. 

Asphalt  Waterproofing.  Asphaltic  coatings, 
either  alone  or  in  combination  with  felt  or  other 
fabric,  may  be  applied  to  the  surface  or  between 
two  sections  or  layers  of  the  concrete  structure. 
The  latter  method,  in  which  the  coating  is  ef- 
fectively protected  from  abrasion,  gives  the 
most  satisfactory  results.  A  method  very  fre- 
quently adopted  is  the  use  of  an  inch  layer  of 
asphalt  poured  hot  between  the  face  of  the  main 
wall  and  a  thin  protecting  wall  of  brick  or  con- 
crete built  in  front  of  it  and  carried  up  as  the 
work  progresses. 

Asphalt,  or  asphaltum — sometimes  called 
mineral  pitch  or  Jews'  pitch — is  a  natural  bi- 
tuminous product  found  in  many  widely  scat- 
tered localities.  It  occurs  on  the  surface  and 
shores  of  the  Dead  Sea,  which  is  therefore  some- 
times called  the  "Asphaltic  Lake,"  and  in  many 
parts  of  Europe  and  Asia;  but  the  principal 
sources  of  supply  are  extensive  deposits  found 
in  the  West  Indies  (notably  Trinidad  and  Cuba), 
in  Venezuela,  Utah,  California,  and  other  parts 
of  both  North  and  South  America.  It  is  brittle, 
of  a  black  or  brown  color,  and  high  luster  on  a 
surface  or  fracture;  and  it  melts  and  bums, 
when  heated,  leaving  little  or  no  residue.  In 
combination  with  coal-tar,  lime,  sand,  etc.,  it  is 
used  in  the  manufacture  of  a  large  number  of 
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compounds  employed  for  paving,  waterproofing, 
etc. 

As  might  naturally  be  expected,  asphalts 
differ  greatly  in  their  quality  and  their  degree 
of  usefulness  for  certain  purposes.  The  Utah, 
Trinidad,  and  Venezuela  products  are  generally 
recognized  as  of  the  highest  grade. 

It  is  essential  to  a  satisfactory  waterproofing 
material  that  it  should  not  only  be  impervious 
to  moisture,  but  also  unaffected  by  water  and 
weather  conditions ;  it  should,  moreover,  be  elas- 
tic, so  as  to  allow  for  settlement  and  shrinkage 
in  structures  without  breaking  or  cracking  the 
waterproof  stratum;  and  it  should  not  dry  out 
or  disintegrate  on  exposure  to  air,  water, 
alkalis,  or  acids. 

Pioneer  waterproofing  asphalt  is  made  from 
a  high-grade  Utah  asphalt  containing  no  im- 
purities which  have  to  be  extracted  or  which  are 
affected  by  water  or  weather  conditions.  The 
natural  asphaltic  product  used  as  a  basic  ma- 
terial in  its  manufacture,  is  kown  as  Gilsonite. 

"Pioneer"  waterproofing  asphalt  is  claimed 
by  its  proprietors  to  meet  all  the  requirements 
of  a  satisfactory  waterproofing  material  as  spe- 
cified above.  It  is  applied  at  a  temperature  of 
about  425°  F.,  with  ordinary  roofers'  mops.  In 
order  to  overcome  the  difficulty  of  making  hot 
asphalt  stick  to  a  concrete  surface,  the  same 
proprietors  have  developed  a  special  priming 
paint  known  as  "Pioneer"  primer  paint,  in- 
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tended  for  the  first  coat  to  secure  the  necessary 
bond. 

An  effective  bonding  coat  for  use  with  any 
brand  of  asphalt  waterproofing  may  be  made  by 
cutting  asphalt  with  naphtha,  the  product  being 
then  applied  like  ordinary  paint  to  the  surface, 
which  should  first  be  thoroughly  dry. 

The  following  specifications,  issued  by  the 
proprietors  of  the  *' Pioneer"  products,  may  be 
taken  as  typical  instructions  in  methods  in  gen- 
eral use  for  the  application  of  asphaltic  com- 
pounds to  various  waterproofing  pui^oses: 

SPECIFICATIONS  FOB  BESEBVOIB  WATEBPBOOFINa 

After  the  first  layer  of  concrete  has  become  set  and  is 
perfectly  dry,  all  dust  must  be  carefully  brushed  off;  and 
on  this  dry,  clean  surface,  and  also  in  joints  between 
blocks,  shall  be  applied,  with  ordinary  paint  brushes,  one 

heavy  coat  of primer  paint,  manufactured  by 

(or  any  paint  equal  thereto).    Over  each 

joint  in  concrete,  there  shall  be  placed  a  single  layer  of 
asphalt-saturated  wool  felt,  not  less  than  8  inches  in 
width,  which  felt  shall  be  laid  in  hot reser- 
voir waterproofing  asphalt  (or  any  asphalt  equal  thereto), 
which  asphalt  shall  be  heated  to  a  temperature  of  be- 
tween 425°F.  and  450°F.  On  the  primed  surface,  and 
also  over  the  strips  of  felt,  shall  be  mopped  a  heavy  coat- 
ing of  the  hot  asphalt,  which  coating  must  be  of  uniform 
thickness  of  one-eighth  of  an  inch. 

The  above  specification  applies  to  side  walls,  bottom^ 
and  ends  of  reservoir.  After  the  waterproofing  asphalt 
has  cooled,  the  next  layer  of  concrete  is  to  be  laid  over 
it  as  provided  herein.  No  asphalt  need  be  applied  in  the 
joints  of  the  second  layer  of  concrete,  as  this  layer  is 
simply  to  protect  the  waterproofing  asphalt. 
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In  reservoir  waterproofing,  some  of  the  spe- 
cial waterproofing  compounds  are  frequently 
used,  either  alone  or  in  combination  with 
asphalt.  Very  frequently  no  special  provisions 
are  made  except  that  of  special  care  in  the  mix- 
ing and  placing  of  the  concrete.  The  degree  of 
water-tightness  to  be  attained  governs  the 
method  to  be  adopted.  It  will  be  desirable  to 
back  the  reservoir  walls  with  twelve  to  fifteen 
inches  of  clay  puddle. 

The  design  of  the  floor  is  a  most  important 
item  in  reservoir  construction.  For  small  reser- 
voirs it  is  desirable  to  put  in  a  floor  monolithic 
with  the  walls,  and  to  reinforce  it  in  both  direc- 
tions for  temperature  and  shrinkage  cracks.  In 
larger  work  it  is  customary  to  place  the  floor 
upon  a  layer  of  clay  puddle — ^the  concrete  being 
separated  into  blocks  for  its  full  depth,  and  the 
joints  run  with  hot  asphalt  filler. 

SPECIFICATIONS  FOE  WATERPROOFING  CONCRETE  IN 
SUBWAYS 

After   concrete   is   in  place   and  firmly  set,  surface 
should   be   brushed   so   as   to   be   free   from   dust,   then 

painted  with   primer  paint,  manufactured  by 

(or  any  paint  equal  thereto) ;  this  should  be 

applied  cold  with  a  brush.  After  paint  has  become  dry, 
surface  should  be  coated  with  hot  water- 
proofing asphalt,  manufactured  by (or  any 

asphalt  equal  thereto) ;  this  should  be  applied  at  a  tempera- 
ture of  about  450°F.  with  ordinary  roofers'  mops.  Be- 
fore this  coating  has  cooled,  and  while  still  in  a  "sticky" 
condition,  a  layer  of  asphalt-saturated  felt  or  asphalt- 
saturated   burlap   should   be  laid   lengthwise   with   the 
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tunnel ;  these  strips  of  felt  or  burlap  should  be  laid  so  that 
no  more  than  two  rolls  end  at  any  one  place. 

After  one  layer  of  felt  or  burlap  has  been  laid  com- 
pletely around  the  tunnel,  the  surface  of  same  shall  be 
mopped  with  the  hot  waterproofing  asphalt,  and  the 
second  layer  of  felt  or  burlap  shall  be  spread  so  as  to 
break  joints  with  the  first  layer.  The  second  strips  of 
felt  or  burlap  should  also  be  laid  lengthwise  with  the 
tunnel,  and  in  such  a  manner  that  the  surface  of  the  tun- 
nel shall  have  two  thicknesses  of  felt  or  burlap  all  over. 

The  second  surface  of  the  second  layer  of  felt  or 
burlap  shall  be  thoroughly  mopped  with  the  hot  water- 
proofing asphalt  to  a  thickness  of  about  one-eighth  inch. 

After  the  asphalt  has  become  cool,  an  inner  ring  of 
Portland  cement  plaster  (1  part  cement  to  2  parts  sand), 
reinforced  with  expanded  metal,  shall  be  placed  over 
it  to  a  thickness  of  2  inches.  In  this  way  the  tunnel  has 
a  complete  ring  of  v-aterproofing  material  surrounding  it, 
and  is  protected  by  the  inner  ring  of  cement  plaster. 

SPECiriCATIONS  FOE  WATERPROOFING  FLOORS  OF  STEEL 
AND  CONCEETS  BRIDGES 

Method.  Bridge  floor  (whether  steel  or  concrete) 
should  be  perfectly  clean  and  dry  and  free  from  all  dust, 
oil,  paint,  rust,  and  scale.  Floor  should  then  be  given  a 
coat  of  primer  paint,  applied  cold  with  paint  brushes.  If 
work  is  done  in  cold  weather,  floor  should  be  heated  by 
spreading  hot  sand  over  it,  then  sweeping  off  sand  in 
advance  of  applying  paint. 

This  primed  surface  should  then  be  given  a  l^-inch 
coating  of  hot  waterproof  asphalt  applied  at  about  425  °F. 
with  ordinary  roofers'  mops;  over  this  layer  of  water- 
proof asphalt  shall  be  laid  a  mastic — a  mixture  of  asphalt, 
sand,  etc.  (see  below) — at  least  %  inch  thick;  this  must 
be  evenly  spread  and  smoothed,  and  must  be  free  from 
depressions;    preferably,    should    be    well    tamped    and 
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smoothed  with  hot  smoothing  irons,  care  being  taken  that 
the  asphalt  shall  not  be  burned. 

If  the  mastic  be  omitted,  it  will  be  necessary  to  spread 
hot  gravel  into  the  waterproof  asphalt  while  the  latter 
is  still  warm. 

Paint.  The  primer  paint  to  be  used  shall  contain  no 
coal-tar  products,  shall  not  be  affected  by  water,  and 
must  be  of  such  quality  as  to  make  a  firm  bond  between 
steel  or  concrete  and  the  asphalt. 

Asphalt.  The  waterproof  asphalt  used  must  be  free 
from  coal-tar  or  rosin,  and  must  not  be  affected  by  water, 
and  must  approximate  the  following  requirements : 

Sp.  Gr. 

Total  Bitumen  sol.  in  Benzole 99.7  %     0.99 

Petrolene  sol.  in  Petrolic  Ether 58-68%     0.93 

Asphaltene  sol.  in  Benzole 32-42%     1.00 

The  melting  point  by  capillary  tube  test  should  show 
that  the  asphalt  will  not  start  to  melt  before  190 °F.; 
must  not  become  brittle  at  zero ;  must  not  volatilize  more 
than  iy2  per  cent  at  a  temperature  of  350°P.  for  10 
hours;  and  must  not  show  any  sign  of  carbonization  at 
500°F.  for  10  hours. 

The  asphalt  used  shall  show  a  penetration  (Dow  test) 
within  the  following  range :  at  32°F.,  between  26  and  36 
degrees;  at  77°F.,  between  36  and  46  degrees;  at  115°F., 
between  60  and  70  degrees. 

Mastic.    The  mastic  must  contain  pulverized  natural 

asphaltic  lime-rock  equal  to  that  known  as 

in  suitable  proportions,  to  which  shall  be  added  at  the 
bridge  clean,  fine  sand  or  grit  (preferably  sand),  lime- 
stone dust,  and  asphalt  in  suitable  proportions.  The 
bitumen  content  shall  be  not  less  than  16  per  cent  (spe- 
cific gravity  of  1.2),  must  not  volatilize  more  than  ^  of 
one  per  cent  at  300 °F.  for  10  hours,  and  must  not  flow 
below  212 °F, 
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Sample  and  Test.  Contractor  shall  submit  a  sample 
of  finished  mastic  conforming  to  these  specifications ;  and 
in  addition,  the  mastic  shall  withstand  the  following  com- 
pression test  in  a  Riehle  compression  testing  machine — 
namely,  a  sample  2  in.  by  2  in.  by  y^  in.  should  show  an 
elastic  limit  of  not  less  than  2,500  pounds  applied  over 
entire  surface  of  sample  tested. 

Action  of  Water  on  Asphalts.  In  view  of 
the  rapidly  increasing  use  of  asphalt  and 
asphaltic  compounds  for  waterproofing  and 
other  purposes  of  engineering  construction,  spe- 
cial interest  attaches  to  the  results  of  a  careful 
scientific  investigation  of  the  properties  of  that 
substance  which  was  recently  made  for  the  pur- 
pose of  determining  the  relative  action  of  water 
upon  some  of  the  most  important  brands  of 
asphalt  on  the  market,  with  reference  to  their 
use  for  reservoir  lining.  The  results  were  sum- 
marized and  tabulated  in  a  paper  read  before 
the  BrookljTi  Engineers'  Club  in  March,  1900, 
by  G.  C.  Whipple  and  D.  D.  Jackson,  upon  which 
the  following  abstracts  are  based: 

At  one  time  nearly  all  of  the  asphalt  used  in  this 
country  was  imported;  now  there  are  many  American 
asphalts,  besides  numerous  artificial  products.  These 
various  kinds  of  asphalt  differ  in  many  of  their  charac- 
teristics, and  one  might  think  that  it  is  comparatively 
easy  to  determine  their  relative  suitability  for  various 
uses ;  but  when  it  is  remembered  that  they  may  be  mixed 
with  each  other  in  almost  any  proportion,  the  complexity 
of  the  problem  becomes  apparent.  The  practical  tests 
to  be  applied  to  asphalts  are  largely  physical.  It  is  use- 
ful to  know  their  chemical  composition,  but  it  is  more 
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important  to  know  their  consistency,  viscosity,  elasticity, 
ductility,  fracture,  etc.,  and  tlie  relative  importance  of 
these  tests  varies  with  the  nature  of  the  work  for  which 
the  asphalts  are  to  be  used. 

In  many  places,  if  not  in  most  places,  where  asphalt  is 
used,  its  surface  is  subjected  to  the  action  of  water. 
Street  pavements  are  being  continually  washed  by  rains, 
and  during  the  winter  the  surface  of  the  asphalt  may  be 
for  a  long  time  in  contact  with  snow  and  ice.  The  various 
forms  of  asphalt  paints  are  intended  primarily  to  protect 
metallic  substances  from  weathering  and  from  the  cor- 
rosive action  of  water.  The  use  of  asphalt  as  a  lining  for 
reservoirs  brings  this  subject  into  still  greater  promi- 
nence. Here  the  contact  with  water  takes  place  under 
various  conditions.  Above  the  water  line  the  asphalt  sur- 
face may  be  alternately  wet  and  dry ;  near  the  water  line 
it  is  subjected  to  the  erosive  action  of  the  waves  and  to 
the  force  of  the  ice  in  winter ;  while  at  the  bottom  of  the 
reservoir  there  is  the  effect  of  pressure. 

It  is  evident  that  one  of  the  first  requisites  of  an  as- 
phalt for  reservoir  lining  is  that  it  shall  not  be  injuriously 
acted  upon  by  water,  either  physically  or  chemically.  If 
such  an  action  does  take  place,  the  efficiency  of  the  sub- 
stance is  impaired  and  the  life  of  the  structure  reduced. 
Experience  has  shown  that  some  asphalts  are  acted  upon 
by  water  to  a  considerable  extent,  while  others  are  ap- 
parently unaffected. 

The  samples  used  in  the  experiments  represented  all 
the  leading  brands  of  asphalt  on  the  market. 

The  experiments  were  conducted  along  the  following 
three  lines: 

First,  that  of  placing  samples  of  the  asphalt  in  con- 
tact with  water  in  glass  jars,  and  subsequently  noting  the 
change  in  the  analysis  of  the  water,  thereby  ascertaining 
the  nature  of  the  soluble  constituents  of  the  asphalts. 
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"PETTYJOHN  UPRIGHT  MODEL"  CONCRETE  BLOCK  MACHINE. 

Blocks  remain  where  moulded,  to  set,  machine  being  collapsed  and  removed. 
Adaptable  with  attachments  to  making  all  shapes  of  blocks. 


"TANDEM   INVINCIBLE"   FACEDOWN,  WET-PROCESS 
CONCRETE  BLOCK  MACHINE. 

Set  up  for  making  one  2t-inch  L-shaped  corner  and  one 
16-inch  stretcher  at  same  operation. 


Removing   Pettyjohn   Ma- 
chine  from   Finished  Block- 
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Second,  that  of  immersing  samples  of  the  asphalts  in 
water  under  various  conditions,  and  noting  their  change 
in  weight. 

Third,  that  of  observing  the  action  of  water  upon  the 
asphalts  by  noting  changes  in  their  physical  condition. 

In  order  to  study  the  soluble  constituents,  the  asphalts 
were  melted  and  poured  into  glass  jars  so  as  to  form  a 
layer  at  the  bottom  about  1  cm.  thick,  and  having  an 
average  area  of  about  60  sq.  cm.;  800  cu.  cm.  of  water 
were  then  added,  and  the  jars  closed  to  prevent  evapora- 
tion. Two  jars  were  used  for  each  sample,  one  being 
filled  with  distilled  water,  and  the  other  with  surface 
water  from  the  eastern  part  of  the  Brooklyn  watershed. 
In  the  case  of  the  Trinidad  and  Bermudez  (Venezuela) 
asphalts,  a  third  jar  was  prepared  and  filled  with  water 
from  some  of  the  deep  wells  of  the  Brooklyn  water  sup- 
ply. At  the  end  of  two  months  a  portion  of  the  water 
in  each  jar  was  removed  and  analyzed.  After  two  years 
the  remaining  water  was  subjected  to  analysis.  The 
sample  of  asphaltina  was  not  received  until  December, 
1898,  and  consequently  the  analysis  represents  but  one 
year's  action. 

For  the  second  series  of  experiments,  the  asphalts  were 
melted  at  as  low  a  heat  as  possible  and  poured  into  watch- 
glasses,  where  they  spread  out  into  thin  cakes  with  smooth 
surfaces.  These  cakes  contained  equal  amounts  of  asphalt 
and  presented  surface  areas  that  varied  from  45  to  55  sq. 
cm.  The  watch-glasses,  with  their  adhering  cakes  of  as- 
phalt, were  dried  in  desiccators  and  weighed.  They  were 
then  mounted  on  agate-ware  plates,  fastened  with  cop- 
per wire,  and  suspended  in  water.  In  order  to  determine 
the  effect  of  different  waters  and  of  different  conditions, 
such  as  pressure,  temperature,  light,  current,  etc.,  the 
Trinidad,  Bermudez,  and  Alcatraz  D  (California)  asphalts 
were  suspended  in  Mt.  Prospect  Reservoir  near  the  sur- 
face, where  the  pressure  was  small  and  the  temperature 
changes  considerable;  in  Mt.  Prospect  stand-pipe,  at  a 
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depth  of  50  ft.,  where  they  were  in  darkness,  where  the 
pressure  was  great  and  also  variable,  and  where  the 
changes  of  temperature  were  small;  and  in  the  conduit 
at  Freeport,  where  they  were  subjected  to  the  action  of 
water  different  in  quality  from  the  two  preceding,  where 
the  pressure  was  small,  but  the  current  strong.  The  re- 
maining asphalts  were  exposed  in  but  one  place.  From 
time  to  time,  the  samples  were  withdrawn  from  the  water, 
and  cleansed  by  washing  with  distilled  water  and  rubbing 
with  a  fine  camel's  hair  brush.  They  were  then  dried  in 
desiccators,  weighed,  and  replaced  in  the  water. 

The  action  of  the  water  upon  the  various  asphalts  was 
observed  in  both  sets  of  experiments  by  inspection  and 
by  microscopical  examination  of  the  surface,  and,  in  the 
first  set,  by  measurement  of  the  depth  to  which  the  action 
of  the  water  extended  during  two  years'  exposure.  The 
figures  obtained,  of  course,  have  only  a  relative  value,  as 
the  conditions  of  the  experiments  were  different  from 
those  to  be  met  with  in  actual  practice.  The  results  of 
the  observations  were  as  follows : 

No.  1.  Trinidad  Lake  Asphalt.  The  action  of  the 
water  on  this  asphalt  was  strong.  Two  weeks'  exposure 
caused  a  roughening  of  the  surface  and  a  change  in  color 
from  black  to  brown.  With  longer  exposure  the  brown 
color  was  more  conspicuous,  and  the  surface  became 
granular.  Finally,  the  upper  portion  of  the  asphalt 
changed  to  a  soft,  punky  material,  covered  with  cracks 
and  pits.  In  the  jars  a  thin  layer  of  loose  material  had 
become  more  or  less  detached  from  the  surface.  The 
samples  that  stood  in  the  drawers  for  two  years  were 
examined  in  cross-section  under  the  microscope,  and  the 
depth  of  the  action  determined  by  careful  measurement. 
In  the  distilled  water,  the  soft,  brown  surface  layer  was 
1.82  mm.  thick ;  in  the  surface  water,  it  was  1.12  mm. ;  and 
in  the  well  water,  it  was  1.10  mm. 

No.  2.    Bermudez  (Venezuela)  Asphalt.    The  action  of 
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the  water  upon  this  asphalt  was  noticeable  and  similar  in 
character  to  that  just  described,  but  it  proceeded  much 
more  slowly  and  was  far  less  in  amount.  For  a  long  time 
the  surface  remained  black ;  later  it  became  brownish.  At 
first  there  was  a  slight  cracking  of  the  surface,  but  after- 
ward the  surface  became  wrinkled.  In  the  jars  the  depth 
of  action  was  .03  mm.  in  distilled  water,  .02  mm.  in  the 
surface  water,  and  .01  mm.  in  the  well  water. 

No.  3.  Alcatraz  (California)  Asphalt,  Grade  D.  There 
was  a  slight,  but  measurable  action  upon  this  asphalt. 
The  color  changed  from  black  to  brown,  but  the  surface 
remained  quite  smooth.  The  depth  of  action  in  the  jars 
was  .005  mm. 

No.  4.  Alcatraz  Asphalt,  Grade  XX.  This  asphalt 
showed  greater  action  than  the  preceding,  and  almost  as 
much  as  the  Bermudez.  At  the  end  of  two  years  the 
surface  of  the  asphalt  in  the  jar  was  brown  and  wrinkled. 
The  depth  of  action  was  .015  mm.  in  distilled  water,  and 
.010  mm.  in  the  surface  water  and  well  water. 

No.  5.  Alcatraz  Maltha,  No.  1.  The  action  of  the 
water  upon  this  maltha  was  confined  to  a  thin  film  at  the 
surface.  The  color  changed  from  black  to  brown,  but 
on  drying  the  brown  color  almost  disappeared. 

No.  6.  Alcatraz  Maltha,  No.  2.  The  action  was  not 
quite  as  strong  as  in  the  case  of  Maltha  No.  1. 

No.  7.  Cuban  Asphalt,  No.  1.  This  asphalt  had  a  hard, 
shining  surface,  and  was  exceedingly  brittle.  There  was 
no  apparent  action. 

No.  8.  Cuban  Asphalt,  No.  2.  This  asphalt  is  also 
very  brittle.  There  was  a  very  slight  action  at  the  sur- 
face, with  a  change  in  color  from  black  to  brown.  The 
depth  of  the  action  was  too  small  to  be  measured. 

No.  9.  Assyrian  Asphalt,*  No.  2.  There  was  no  ap- 
parent action. 


•  The  various  brands  of  " Assyrl  an"  asphalt  are  now  known  as  the 
"Pioneer." 
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No.  10.  Assyrian  Asphalt,  No.  3.  There  was  no  ap- 
parent action. 

No.  11.  Assyrian  Asphalt,  No.  4.  There  was  almost 
no  action,  though  in  one  case  the  surface  was  very  slightly 
browned. 

No.  12.  Assyrian  Asphalt,  No.  5.  This  asphalt  was 
considerably  acted  upon.  The  color  was  decidedly  brown, 
and  the  surface  spongy.  The  depth  of  action  was  .02  mm. 
in  distilled  water,  and  .01  in  the  surface  water.  This 
product  is  not  intended  to  be  used  in  contact  with  water. 

No.  13.  Assyrian  Asphalt,  No.  6.  There  was  no  ap- 
parent action. 

No.  14.  Assyrian  Asphalt,  No.  7.  There  was  no  ap- 
parent action. 

No.  15.  Asphaltina.  There  was  a  very  slight  action, 
but  it  was  too  small  to  be  measured. 

No.  16.  Asphaltina  Mixed  with  Cuban.  There  was 
no  apparent  action. 

No.  17.  Petroleum  Residuum.  There  was  no  apparent 
action. 

Table  XIX  shows  the  loss  from  the  asphalts  after  two 
months'  exposure  in  the  jars,  obtained  by  analysis  of  the 
supernatant  water,  as  above  described.  The  results  are 
expressed  in  "grams  per  square  meter  of  exposed  sur- 
face." The  figures  in  the  first  column  represent  the 
total  solid  matter  taken  up  by  the  water;  those  in  the 
second  column,the  amount  of  organic  matter  volatile  at  a 
temperature  just  sufficient  to  redden  platinum;  those  in 
the  third  column,  the  fixed  solids. 

It  will  be  seen  that  to  a  certain  extent  the  amount  of 
soluble  matter  corresponds  with  the  intensity  of  the 
action  of  the  water  upon  the  asphalts.  For  example,  in 
almost  every  case  the  action  was  greatest  in  the  jars  that 
contained  distilled  water;  and  in  those  jars,  also,  the 
largest  amounts  of  soluble  matter  were  taken  up  by  the 
water.  The  water  over  the  Trinidad  asphalt  contained 
more  soluble  matter  than  moat  of  the  other  samples,  and 
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TABLE  XIX 

Loss  from  Various  Asphalts  Exposed  for  Two  Months  to  the  Action 

of  Waters  of  Different  Quality  in  Glass  Jars 


ASPHALTS 


( Distilled  water 
Trinidad  Lake '{Surface 

(  Ground 

f  Distilled 
Bermudez <  Surface 

( Ground 

Alcatraz  D (Distilled 

I  Surface 

XX  ...  /Distilled 

I  Surface 

Maltha  No.l (Distilled 

(Surface 

Maltha  No.  2 (Distilled 

I  burf ace 

Cuban  No.  1 ]  sS ace** 

Cuban  No,  2 j  Distilled 

(  Surface 

Assyrian  No.  2 { g^ff^®^ 

"3  .  ..  (Distilled 

I  Surface 
••  ••    4  \  Distilled 

(  Surface 

"5  ,  (Distilled 

1  Surface 

»•        '  ••    6  )  Distilled 
I  Surface 
"            "    7  \  Distilled 
t  Surface 

Petroleum  residuum {  P^.^*-!^'^** 

I  our  I  ace 


Total 
Solids 

Loss  ox 
Ignition 

2.53 
1.44 
1.87 

0.72 
0.24 
0.36 

1.23 
1.32 

0.46 

0.72 
0.36 
0.18 

0.84 
0.96 

0.30 
0.32 

1.37 
0.51 

0.40 
0.40 

1.29 
1.20 

0.72 
0.54 

1.50 
1.08 

0.60 
0.54 

1.31 
0.34 

0.57 
0.23 

0.86 
0.51 

0.00 
0.23 

1.37 
0.46 

0.23 
0.29 

1.03 
0.40 

0.48 
0.18 

1.14 
0.91 

0.29 
0.23 

8.51 
5.83 

7.14 
5.57 

1.20 
0.17 

0.74 
0.17 

1.31 
0.51 

1.14 
0.45 

1.20 
1.14 

0.42 
0.36 

Fixed 
Solids 


1.81 

1.20 
1.51 
0.51 
0.96 
0.28 
0.54 
0.64 
0.97 
0.11 
0.57 
0.66 
0.90 
0.54 
0.74 
0.11 
0.86 
0.28 
1.14 
0.17 
0.57 
0.22 
0.85 
0.G8 
1.37 
0.2S 
0.46 
0.00 
0.17 
0.06 
0.78 
0.78 


this  asphalt  was  acted  upon  the  most  strongly.  The  cor- 
respondence between  action  of  water  and  soluble  matter 
was  not  perfect,  however.  Assyrian  asphalt  No.  5  gave 
up  a  phenomenally  large  amount  of  soluble  matter  in 
proportion  to  the  extent  of  the  surface  action,  while  a  few 
of  the  asphalts  that  were  apparently  unacted  upon  gave 
up  some  soluble  matter,  both  organic  and  mineral. 

The  analyses  of  the  distilled  water  made  at  the  end  of 
two  years  showed  results  slightly  higher  than  those  given 
in  Table  XIX. 

The  organic  matter  represented  by  the  loss  on  ignition 
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was  asphaltic  in  character.  During  ignition  it  blackened 
and  gave  off  the  characteristic  odor.  This  odor  could  be 
detected  in  the  waters  of  the  jars,  and  was  found  to  cor- 
respond in  intensity  with  the  amount  of  action  that  had 
taken  place.  The  fixed  solids  comprised  sodium  chloride, 
carbonates  and  sulphates  of  calcium  and  magnesium,  and 
oxide  of  iron. 

The  results  of  the  second  series  of  experiments  showed 
the  increase  in  weight  of  each  sample  after  exposures  of 
one  day,  one  week,  and  two  months.  The  greatest  in- 
crease of  weight  was  observed  in  the  case  of  the  Trinidad 
asphalt. 

The  cause  of  the  action  of  water  upon  asphalt  appears 
to  be  in  part  chemical  and  in  part  physical.  The  mole- 
cular structure  of  the  asphalts  is  an  important  considera- 
tion. 

Asphalt  has  the  property  of  physically  absorbing  a 
certain  amount  of  water.  This  accounts  in  part  for  the 
increase  in  weight.  Water  also  acts  chemically  upon  as- 
phalt to  some  slight  extent — some  of  the  loosely  combined 
sulphur  in  the  asphalt  being  replaced  by  oxygen,  with  the 
consequent  liberation  of  hydrogen  sulphide. 

Throughout  the  course  of  the  investigation  it  was  ob- 
served that  the  waters  that  contained  the  smallest 
amounts  of  mineral  matter  produced  the  greatest  action 
upon  the  asphalts.  Sea  water  gave  but  little  action.  In 
order  to  obtain  comparative  results  upon  this  point, 
samples  of  various  asphalts  were  subjected  to  the  action 
of  distilled  water,  sea  water,  and  a  concentrated  brine 
solution  in  glass  jars.  After  two  months  it  was  found 
that  the  distilled  water  showed  considerable  action,  the 
sea  water  a  very  slight  action,  and  the  brine  no  apparent 
action. 

Some  of  the  brine  solution  was  also  allowed  to  stand 
over  the  surface  of  an  asphalt  that  had  been  already 
acted  upon  by  water.    No  change  in  the  brown  material 
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took  place.  This  seemed  to  indicate  that  the  salt  itself 
exerted  no  chemical  action  upon  the  asphalt. 

A  determination  of  the  dissolved  oxygen  in  the  dis- 
tilled water,  sea  water,  and  brine  gave  the  following  re- 
sults in  cubic  centimeters  of  dissolved  oxygen  per  liter: 
Distilled  water,  7.1 ;  sea  water,  4.8 ;  brine,  0.6. 

These  facts  show  conclusively  that  the  action  of  water 
upon  asphalt  is  largely  one  of  oxidation,  and  is  due  to  the 
oxygen  dissolved  in  the  water.  As  a  final  test,  however,  a 
sample  of  Trinidad  asphalt  was  covered  with  water  which 
had  been  boiled  until  free  from  oxygen,  and  then  tightly 
sealed  to  prevent  absorption  from  the  air.  The  action 
that  took  place  under  these  conditions  was  very  slight. 
It  appears,  therefore,  that  water  acts  chiefly  as  a  carrier 
of  oxygen,  and  does  not  to  any  great  extent  give  up  the 
oxygen  of  its  own  composition. 

The  following  asphalts  and  fluxes  are  arranged  in  the 
order  of  least  to  greatest  action  by  water: 

Petroleum  residuum. 
Assjrrian  asphalt. 
Asphaltina. 
Cuban  asphalt. 
Alcatraz  maltha.  No.  2. 
Alcatraz  maltha,  No.  1. 
Alcatraz  asphalt,  D. 
Alcatraz  asphalt,  XX. 
Bermudez  asphalt. 
Trinidad  Lake  asphalt. 

The  action  of  water  upon  asphalt  is  due  to  the  unsat- 
urated nature  of  the  hydrocarbons  present,  and  is  at- 
tended by  a  partial  solution  of  the  asphalt  in  the  water. 
There  is  also  a  loss  of  sulphur  as  hydrogen  sulphide,  and 
an  increase  in  weight  of  the  asphalt  itself  due  to  oxida- 
tion and  to  the  mechanical  admixture  of  water.  By  far 
the  most  important  action  which  occurs  is  that  produced 
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by  this  oxidation  of  the  asphalt  by  means  of  the  dis- 
solved oxygen  in  the  water. 

Cemeline.  This  liquid  waterproofing  is  sup- 
plied in  various  colors  to  accord  with  decorative 
schemes.  Its  proprietors  claim  for  it  perfect 
efficiency  as  an  impervious  coating  on  old  or  new 
stone,  concrete,  cement  blocks,  brick,  wood,  or 
metal,  and  as  a  durable  and  thorough  water- 
proofing and  fireproofing.  Cealtite  is  a  plastic 
material,  applied  the  same  as  putty,  used  as  a 
cement  filler  for  sealing  cracks,  open  joints,  or 
defects  in  plastered  or  cement  construction. 

Dehydratine  Damp-Resisting  Compounds. 
These  comprise  a  number  of  products  intended 
to  meet  various  conditions.  They  are  heavy, 
black  liquids  which  are  applied  cold  with  a  brush, 
like  ordinary  paint.  Their  covering  capacity  is 
50  to  80  square  feet  per  gallon,  depending  on  the 
condition  of  the  surface;  and  two  coats  should 
be  given.  No.  1  is  applied  to  the  inner  surface 
of  exposed  brick  walls;  and  on  the  coating  thus 
formed,  plastering  may  be  done  directly.  No.  4 
is  intended  for  work  below  grade.  In  water- 
proofing a  basement,  for  example,  two  coats  of 
compound  should  be  applied  on  the  footings  be- 
fore the  foundation  walls  are  built;  when  the 
concrete  floors  are  being  laid,  two  coats  should 
be  applied  between  the  layers  of  concrete;  after 
the  foundation  walls  have  been  erected  and  be- 
fore the  back-filling  is  done,  two  coats  should 
be  applied  on  the  outside  and  carried  up  above 
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grade,  being  protected  from  abrasion,  while 
back-filling,  by  sticking  burlap  or  building  paper 
to  the  tacky  coating.    See  Fig.  14. 
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Tig.  14.    One  Method  of  Waterproofing  Stone  and  Brick  Buildings. 
Waterproofing  applied  outside  walls  and  over  footings. 

Diamond  Water-Proofing.  This  is  a  min- 
eral compound,  insoluble  in  water  but  held  in 
suspension  in  a  liquid  solution.  It  is  alleged 
to  contain  no  grease,  oil,  or  paraffine,  and  to  be 
unaffected  by  changes  in  temperature.  It  is 
applied  with  a  brush  after  the  building  is 
constructed. 

Elaterite  (or  "mineral  rubber")  paint  is  a 
plastic  compound  the  base  of  which  is  the  natu- 
ral asphaltic  or  bituminous  product  known  as 
elaterite,  found  in  Utah  and  Colorado  and  some- 
times called  ** mineral  rubber"  from  its  extreme 
elasticity.  The  ore  is  insoluble  in  acids  or  alka- 
lis, even  nitric  and  sulphuric  acid,  it  is  said, 
having  no  effect  upon  it;  it  is  also  impervious 
to  water  and  intensely  adhesive  and  heat- 
resistant. 
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In  the  manufacture  of  the  waterproofing 
paint,  this  pigment  is  not  ground,  but,  by  a  spe- 
cial process,  is  converted  into  a  liquid  and  chem- 
ically combined  with  the  carrying  oils.  Surfaces 
treated  with  it  receive  a  continuous  coating  of 
a  rubbery  film  which  is  claimed  to  be  perma- 
nently air-tight,  acid-resistant,  pliable,  fireproof, 
and  absolutely  impervious  to  dampness.  The 
compound  is  ordinarily  applied  between  the 
plaster  coat  and  the  outer  walls  of  houses,  fur- 
nishing a  direct  ground  for  the  interior  plaster- 
ing without  furring. 

H.-W.  stone  preservative  is  a  transparent 
liquid  applied  on  the  outside  of  stone  or  concrete 
work  to  prevent  absorption  of  moisture. 

Idealite  is  a  proprietary  compound  the  na- 
ture of  which  is  not  announced,  but  which  is 
claimed  to  be  odorless,  elastic,  fireproof,  and 
waterproof,  and  to  be  adaptable  for  application 
to  wood  construction  as  well  as  to  concrete, 
brick,  and  stone. 

Insulite  Water-Proofing.  This  is  a  liquid 
mineral  compound  which  may  be  spread  with  a 
brush  or  applied  with  a  spraying  machine.  It 
is  adaptable  to  concrete,  stone,  brick,  or  plaster, 
and  is  claimed  to  be  acid-  and  alkali-proof,  and 
to  be  unaffected  by  either  salt  or  fresh  water, 
heat  or  cold.  It  is  also  claimed  to  be  elastic, 
expanding  and  contracting  with  the  wall,  and 
neither  cracking,  chipping,  nor  peeling  off. 

Ironite,  as  its  name  indicates,  is  a  compound 
the  basis  for  the  manufacture  of  which  is  pure 
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iron.  It  contains  neither  oil,  paraffine,  nor 
asphalt.  It  is  in  the  form  of  a  fine  powder,  and 
is  used  by  being  fii'st  mixed  with  water  to  about 
the  consistency  of  ordinary  whitewash,  and  then 
spread  upon  the  desired  surface  with  a  brush. 
When  first  applied,  the  compound  is  black;  but 
it  soon  turns  to  a  reddish  brick  color,  eventually 
becoming  brow^n  in  shade.  Carried  by  the  water 
into  the  pores  of  the  structure,  the  ironite  par- 
ticles are  there  oxidized.  The  effect  is  that  they 
are  enlarged,  completely  filling  the  voids  into 
which  they  penetrate,  and  thus  forming,  it 
is  alleged,  both  a  mechanical  and  a  chemical 
union  with  the  concrete,  and  becoming  an  in- 
tegral part  of  the  same.  The  new  substance  re- 
sulting from  the  chemical  action  is  claimed  to 
be  practically  indestructible,  and  impervious  to 
water,  air,  heat,  cold,  oils,  acids,  alkalis,  etc.  It 
cannot  be  removed  except  by  strong  mechan- 
ical force,  as  with  hammer  and  chisel,  and  then 
only  by  removing  part  of  the  concrete  with  it. 
The  action  is  compared  to  that  of  vitrification. 
It  will  bond  with  old  or  new  surfaces;  can  be 
applied  on  the  inside  of  basements,  pits,  etc., 
and,  it  is  said,  will  hold  against  any  water 
pressure. 

Liquid  Konkerit  is  the  name  given  to  another 
proprietary  compound  for  ordinary  damp-proof- 
ing. It  is  spread  like  paint,  and  is  applied  on 
the  outside. 

Petrifax  is  the  trade  name  for  another  com- 
pound for  which  important  claims  are  made  as 
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a  damp-proof  coating.  It  is  white,  and  dries 
quickly,  perfectly  flat.  It  is  ordinarily  used  for 
under-coats  on  cement,  brick,  plaster,  stone, 
wood,  etc.,  furnishing  a  ground  for  subsequent 
coats  of  enamel  or  paint. 

Ruberoid  Damp -Course.  Important  claims 
are  made  for  this  process  of  waterproofing  as 
an  effective  means  of  insulation  against  damp- 
ness for  walls,  foundations,  tunnels,  bridges, 
roadbeds,  etc.  The  body  of  the  Damp-Course  is 
a  high-grade  felt  fabric,  which  is  thoroughly 
saturated  with  ''Ruberoid"  compound.  It  is 
usually  laid  3-ply  over  the  sub-base  for  founda- 
tion walls  and  cellar  floors,  in  a  covering  made 
continuous  by  breaking  joints,  and  extending 
several  inches  beyond  the  wall  on  all  sides  of 
the  structure.  It  is  then  carried  up — usually 
2-ply — on  the  exterior  surface,  to  or  above 
ground-level.  For  the  purpose  of  insuring  per- 
fect contact  at  all  points,  a  special  bonding  ce- 
ment known  as  "Ruberine"  is  applied. 

Ruberoid  contains  no  rubber,  tar,  or  asbes- 
tos, and  is  declared  to  be  not  an  asphalt  com- 
pound. The  claims  made  for  it  as  the  basis  of 
its  efficiency,  are  that  it  is  not  only  impervious 
to  water,  but  indestructible  by  acids,  alkalis,  or 
gases,  and  continues  to  retain  its  flexibility  and 
other  characteristic  properties  under  the  se- 
verest changes  of  moisture  and  temperature. 

Saltsproofing  is  the  proprietary^'  name  given 
to  a  colorless  liquid  compound  which,  on  appli- 
cation to  exterior  walls  of  concrete,  stone,  or 
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brick,  penetrates  to  the  depth  of  one-quarter 
inch  or  more,  filling  the  pores  with  a  substance 
which,  it  is  claimed,  forms  an  impervious  bar- 
rier against  the  passage  of  water,  prevents 
efflorescence,  and  will  not  flake  or  scale  off. 
Esco  waterproofing,  it  is  claimed,  is  similarly 
effective  on  interior  surfaces.  Both,  however, 
may  be  used  on  either  exterior  or  interior  work. 

Sarco  Method  of  Waterproofing.  This  method 
is  essentially  that  of  applying  a  protective  bitu- 
minous coating  upon  the  surface  of  the  concrete 
when  dry.  The  compound  sold  under  this  name 
is  claimed  to  form  "a  perfect,  indestructible 
union  with  the  surface  of  the  concrete;  to  be 
itself  impervious  to  the  action  of  all  natural  de- 
structive forces ;  and  to  be  acid-  and  alkali-proof, 
and  unchangeable  in  character  from  time  or 
exposure."  It  is  described  as  "a  pure  hydrocar- 
bon, analyzing  99.7  per  cent  pure  bitumen,  and 
having  a  range  of  ductility  of  over  200°  F.  In 
other  words,  between  the  point  in  temperature 
at  which  it  becomes  brittle  and  susceptible  to 
fracture,  and  the  point  at  which  it  softens  suffi- 
ciently to  move,  there  is  a  range  of  over  200°  F." 
These  temperature  figures  far  overlap  the  widest 
ranges  of  summer  heat  and  winter  cold,  so  that 
the  product  is  claimed  to  provide  adequately 
against  all  dangers  arising  from  cracks  or  checks 
which  may  develop  as  the  result  of  expansion  or 
contraction. 

Sartac  differs  from  Sarco  in  being  a  non- 
drier,  remaining  tacky  so  that  plastering  is  ap- 
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plied  directly  over  it.  It  is  intended  for  water- 
proofing the  interior  surfaces  of  stone,  brick, 
tile,  or  concrete  walls,  and  is  applied  cold  with  a 
brush. 

Te-Pe-Co.  The  compound  sold  under  this 
name  is  a  liquid  mineral  substance  which  is  ap- 
plied to  the  surfaces  the  same  as  paint,  with  a 
brush.  It  is  claimed  to  o:ffer  great  resistance 
to  the  destructive  effects  of  heat  or  cold,  and  to 
have  great  penetrative  power,  entering  deeply 
into  the  pores  of  the  body  to  which  it  is  applied, 
then  hardening,  and  becoming  a  part  of  the 
structure  without  discoloring  it.  It  thus  pre- 
vents not  only  the  inlet  of  moisture,  but  also  the 
egress  of  soluble  salts,  with  their  disfiguring 
effects  of  efflorescence.  It  is  also  claimed  to  be 
effective  in  preventing  stable  lodgment  of  dust 
and  grime  of  every  description,  any  surface  to 
which  it  is  applied  being  easily  cleaned  and  kept 
clean.  Eight  ingredients  enter  into  its  com- 
position— three  whose  function  is  to  clean  the 
pores,  and  five  others  which  are  used  for  making 
the  mineral  substance  soluble  and  holding  it  in 
liquid  form  until  applied.  Its  capacity  for 
waterproofing  is  from  85  to  125  square  feet  of 
brick  or  concrete  wall  per  gallon,  depending  on 
the  porosity  of  the  structure. 

Trus-Con  Chemical  Products.  In  addition 
to  the  ^'waterproof  filler"  for  mixing  in  the  mass 
of  concrete,  and  the  "bonding  coat,"  previously 
mentioned,  the  list  of  chemical  products  for 
waterproofing  and  damp-proofing  purposes  sold 
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under  the  same  proprietary  name  includes  a 
number  of  compounds  intended  for  various  spe- 
cial uses. 

The  wall  finishes  are  manufactured  in  all 
standard  colors,  and  are  claimed  to  combine  the 
advantages  of  durable,  attractive  finish  for  in- 
terior walls  of  brick  or  concrete  with  those  of 
an  efficient  damp-resisting  filler.  Their  action 
overcomes  absorption  by  filling  the  pores  with 
a  mineral  pigment. 

The  cut  stone  backing,  claimed  to  be  proof 
against  water,  acids,  and  alkalis,  is  used  for 
coating  the  unexposed  sides  of  cut  stone,  to  pre- 
vent staining  due  to  the  absorption  of  moisture 
from  the  usual  brick  backing. 

The  liquid  substructural  cement  is  a  bitu- 
minous, product  of  heavy  consistency,  applied 
cold.  It  is  adaptable  to  substructural  work  un- 
der earth  filling  where  hydrostatic  pressures  are 
only  moderate,  as  in  ordinary  basement  and  cel- 
lar foundations  and  floors.  The  coating  should 
be  run  continuously  over  the  cellar  floor  before 
the  finish  coat  of  cement  mortar  is  applied.  Bur- 
lap saturated  with  this  product  should  run 
through  the  wall  so  as  to  insure  a  continuity  be- 
tween the  floor  coating  and  the  membrane  on 
the  outside  wall. 

The  solid  bituminous  cements  are  made  in 
varying  degrees  of  melting  point,  penetrative 
power,  etc.,  to  meet  varying  conditions.  They 
are  claimed  to  be  especially  adaptable  to  work 
in  which  there  is  danger  of  settlement,  heavy 
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vibration,  contraction,  and  expansion.  Their 
method  of  application  is,  in  principle,  that  of 
enclosing  the  structure  in  a  continuous,  elastic, 
waterproof  membrane  composed  of  layers  of 
fibrous  felt  or  burlap  cemented  together  with 
the  bituminous  product. 

The  floor  finish,  applied  like  paint,  is  claimed 
to  prevent  the  continual  formation  of  dust,  and 
to  protect  concrete  floors  from  staining. 

The  liquid  waterproofing  is  a  transparent 
waterproofing  applied  with  a  brush.  It  is  adapted 
to  interior  or  exterior  surfaces  whose  physical 
appearance  is  desired  to  be  left  unchanged. 

The  foundation  black  is  a  heavy  hydrocarbon 
coating  for  foundation  work.  It  is  applied  cold, 
and  is  claimed  to  be  effective  under  severe  pres- 
sure conditions. 

Protective  Paints  and  Finishes.  Simul- 
taneously with  the  extended  use  of  cement  and 
concrete  in  construction,  there  has  arisen  the 
problem  of  specially  prepared  finishing  mate- 
rials. Most  of  the  large  paint  manufacturing 
houses  have  attacked  the  problem,  and  in  some 
cases  have  placed  their  products  on  the  market 
under  special  names,  such  as  S-W  Concrete  and 
Cement  Weather-Proof  Coating,  a  clear  liquid, 
which,  it  is  claimed,  without  weakening  the  bond 
of  the  cement,  seals  up  and  damp-proofs  the 
porous  surfaces  and  affords  a  satisfactory 
ground  for  the  application  of  subsequent  coats 
of  paint;  S-W  Concrete  and  Cement  Finish,  a 
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"NEWAYGO"  SEPARATOR  FOR  GRADING  SAND, 
GRAVEL,  AND  CRUSHED  STONE. 
The  inclined  screen  is  vibrated  by  successive  tappings  on 
the  ends  of  the  rods  projecting  up  through  the  cover.  Range 
of  output,  from  i^-inch  to  200  mesh.  Capacity,  from  500  to 
40,000  lbs.  per  hour. 

Plate  5 — Materials  and  Manufacture  of  Concrete. 
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paste-like  compound  fiirnished  in  various  colors, 
to  be  thinned  for  use  with  raw  linseed  oil  and 
turpentine;  Duck  Brand  Weather-Proof  Colors, 
for  stone  or  concrete,  which  penetrate  the  sur- 
face to  a  depth  of  about  one-quarter  inch  and 
are  claimed  to  serve  as  an  efficient  waterproof 
filler  and  an  artistic  finish  combined,  etc.  De- 
scriptive literature  regarding  any  special  fin- 
ishes on  the  market  is  furnished  by  their  pro- 
prietors on  application. 

Waterproofing  a  Problem  of  Design.  The 
special  method  of  waterproofing  a  concrete 
building  of  any  class  should  be  considered  in 
the  original  design  of  the  structure.  To  post- 
pone consideration  of  such,  necessary  details  as 
provision  against  dampness,  or  the  method  of 
applying  the  plaster  to  smooth  interior  surfaces, 
until  the  structural  walls  are  in  place,  is  to 
invite  extremely  annoying  and  costly  conse- 
quences. 

Some  interesting  side  lights  on  this  aspect 
of  the  waterproofing  problem  are  found  in  the 
following  extracts  from  an  article  in  the  **  Ce- 
ment World,"  relating  to  the  case  of  a  very  large 
reinforced  structure. 

The  walls  and  floors  of  the  building  having  been 
erected,  and  the  time  having  arrived  for  interior  plas- 
tering, it  became  imperative  to  decide  upon  some  method 
of  applying  the  plaster  to  the  smooth  interior  of  the 
concrete  walls,  and  at  the  same  time  provide  against  the 
penetration  of  dampness  from  the  outside  walls  to  the 
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plaster,  and  the  injurious,  sometimes  disastrous,  conse- 
quences that  result  from  damp  walls. 

The  owner  and  contractor  of  the  building  had  in  mind 
the  application  of  a  damp-proof  compound  to  the  interior 
of  the  wall,  and  the  application  of  the  plaster  directly 
upon  the  surface  so  treated. 

This  method  has  been  employed  in  a  large  number  of 
brick  buildings  with  very  successful  results,  and,  although 
it  is  of  comparatively  recent  origin,  it  is  taking  the  place 
of  furring  and  lathing  to  a  considerable  degree,  owing  to 
its  efficiency,  cheapness,  and  ease  of  application.  While 
extensive  experience  has  demonstrated  that  this  method 
is  successful  in  the  case  of  brick  and  stone  walls,  the 
fact  should  not  be  overlooked  that  the  conditions  in  the 
case  of  a  smooth  concrete  wall  free  from  mortar  joints 
are  somewhat  different,  and  waterproofing  contractors 
are  too  prone  to  guarantee  that  the  bond  between  the 
damp-proofing  and  concrete  and  that  between  the  plaster 
and  the  damp-proofing  will  be  permanent.  While  some 
work  of  this  kind  has  given  satisfactory  results  for  short 
periods  of  time,  the  experience  has  not  been  altogether 
uniform,  nor  sufficiently  convincing  to  warrant  the  fur- 
nishing of  a  guarantee  that  no  separation  of  the  plaster 
will  take  place  in  the  course  of  several  years. 

Whether  the  porosity  of  the  brickwork  or  the  un- 
evenness  of  surface  created  by  the  mortar  joints  is  the 
principal  element  that  produces  an  efficient  adhesion  of 
the  plaster  to  the  waterproof  film,  is  still  a  disputed 
question,  but  such  adhesion  in  the  case  of  brick  walls 
is  beyond  dispute.  The  lack  of  sufficient  experience  in 
case  of  the  dense  and  opaque  concrete  walls  placed  the 
builder  of  the  structure  above  referred  to  under  the 
necessity  of  adopting  this  method  of  damp-proofing  at 
his  own  risk,  or  of  adopting  some  other  method  of  damp- 
proofing  and  plastering  the  building.  Some  of  the  other 
methods  available  were: 
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1.  The  use  of  metal  furring  against  the  concrete. 

2.  The  use  of  hollow  tiles. 

3.  The  application  of  plaster  directly  upon  the  con- 
crete surface,  and  of  a  damp-proof  material  on  the  out- 
side walls. 

The  use  of  metal  furring  was  precluded  on  account  of 
the  difficulty  of  attaching  it  to  the  concrete  surface,  no 
provision  having  been  made  for  it  in  the  wall  design. 

The  use  of  hollow  tiles  against  the  concrete  would  have 
taken  up  four  inches  of  space  for  the  entire  depth  and 
height  of  the  building,  and,  as  the  location  was  very 
costly,  such  loss  of  space  was  extremely  undesirable. 
Furthermore,  in  this  case,  a  damp-proof  course  would 
have  been  advisable  between  the  concrete  and  tile. 

The  only  feasible  solution  remaining  was  to  damp- 
proof  the  outside  of  the  building  and  apply  the  plaster 
directly  upon  the  concrete. 

The  question  then  arose  as  to  the  adhesion  of  plaster 
to  smooth  concrete. 

Had  this  question  been  considered  in  the  design  and 
construction  of  the  walls,  the  latter  might  have  been 
left  sufficiently  rough  to  leave  no  room  for  doubt  as  to 
such  adhesion,  or  recesses  and  projections  could  have 
been  specially  provided  for  the  keying  of  the  plaster. 
This  not  having  been  taken  into  account,  and  the  wall 
being  dense  and  smooth,  in  order  to  eliminate  any  possi- 
bility of  a  separation  from  the  plaster  it  became  evident 
that  in  order  to  remove  the  glaze  the  sand-blast  must  be 
resorted  to,  and,  for  pitting  the  surface,  it  would  be 
necessary  to  make  use  of  the  pneumatic  punch,  with  a 
consequent  very  considerable  increase  in  the  cost  of  the 
work. 

The  question  also  presented  itself  as  to  the  actual 
necessity  of  damp-proofing  the  exterior,  it  being  said  that 
the  concrete  was  in  itself  so  dense  as  to  be  practically 
water-tight.    This  opinion,  as  well  as  that  concrete  was 
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not  porous,  was  held  by  the  builders ;  and  only  a  complete 
discussion  of  the  physical  phenomena  of  capillarity,  with 
evidence  of  the  absorptive  power  of  concrete  and  its 
permeability  under  pressure,  served  to  convince  him  of 
the  possible  danger  of  injury  to  the  plaster  from  the 
infiltration  of  water  through  the  concrete. 

Some  of  the  reasons  for  this  conclusion  are  sufficiently 
interesting  to  deserve  repetition;  they  are: 

1.  That  concrete  has  never  been  prepared  so  as  to 
be  absolutely  water-tight,  particularly  under  pressure. 

2.  That  no  rule  has  yet  been  formulated  for  pro- 
portioning materials  so  as  entirely  to  eliminate  the  voids 
in  concrete. 

3.  That,  as  shown  by  experience,  the  mixture  of  1 
part  cement  to  4  sand,  which  was  used  in  this  case,  con- 
tained about  5  per  cent  to  10  per  cent  less  cement  that 
that  required  to  produce  theoretically  impervious  con- 
crete. 

4.  That  even  if  the  sensible  voids  are  closed,  the  ag- 
gregate itself  may  absorb  as  much  as  1  per  cent  or  more 
of  its  weight  of  water,  on  account  of  its  own  porosity. 

5.  That  the  minuteness  of  the  pores  does  not  tend  to 
retard  the  passage  of  water;  on  the  contrary,  the  well- 
known  law  of  capillarity  is  that  the  finer  the  pores  (all 
else  being  equal),  the  greater  the  capillary  attraction. 

6.  That  checks  unavoidably  occur  in  concrete  work, 
owing  to  settlement,  shrinkage,  expansion,  contraction, 
etc.,  and  water  will  find  its  way  through  them. 

7.  That  in  excessively  high  windstorms  the  raindrops 
are  hurled  at  the  building  with  a  high  velocity  and  are 
forced  into  the  pores  under  pressure. 

8.  That  practical  imperviousness  of  concrete  in  reser- 
voirs results  from  the  closing  of  the  pores  by  deposit  of 
sediment,  and  the  conditions  are  totally  different  in  con- 
crete walls  exposed  to  the  air  and  to  rapid  changes  of 
temperature  and  humidity. 
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9.  That  slight  seepage,  while  unimportant  in  the 
case  of  reservoirs,  may  be  fatal  in  the  case  of  buildings. 

Not  only  did  these  arguments  indicate  that  the  proper 
method  of  damp-proofing  the  structure  was  from  the 
outside,  but  a  comparison  of  cost  of  the  several  methods 
considered  also  showed  that  this  was  the  most  economical 
method. 

Thus,  the  cost  per  square  yard  of  wall  surface  was 
as  follows : 
Damp-proofing  film  between  wall  and  plaster..  20  cents 

Metal  furring  between  wall  and  plaster 30  cents 

Hollow  tiles,  excluding  damp-proofing 63  cents 

Hollow  tiles,  including  damp-proofing 75  cents 

Outside  coating,  applied  under  pressure 30  cents 

Cost  of  preparing  concrete  surface 25  cents 

The  amount  of  wall  surface  to  be  damp-proofed,  in 
case  the  outside  method  were  adopted,  was  only  60  per 
cent  of  the  work  required  for  the  interior  damp-proofing, 
as  some  of  the  walls  were  built  directly  against  the 
adjoining  property,  and  therefore  not  exposed.  Thus, 
the  total  cost  of  the  exterior  damp-proofing  methods  was 
less  than  that  of  any  of  the  other  methods. 

Had  the  question  of  damp-proofing  and  plastering 
been  given  due  consideration  before  construction  was 
undertaken,  the  difficulty  could  have  been  avoided  in 
one  of  three  ways:  First,  by  properly  preparing  the 
concrete  surface  to  receive  the  plaster;  second,  provision 
could  have  been  made  by  recesses  or  projections  for 
efficient  application  of  an  interior  damp-proofing  course 
to  which  plaster  would  have  thoroughly  adhered;  third, 
provision  might  have  been  made  for  holding  metal  or 
other  furring  to  the  wall  to  receive  the  plaster. 

Too  much  detailed  study  cannot  be  given  to  these 
questions  by  architects,  engineers,  and  others  in  charge 
of  designing  reinforced  concrete  work. 


Tools  and  Machinery  for 
Concrete  Work 


With  the  skill  and  ingenuity  characteristic  of 
American  enterprise  in  general,  designers  and 
inventors  have  developed  a  great  variety  of  spe- 
cial tools,  machines,  and  devices  for  accomplish- 
ing the  different  operations  necessary  in  the  mix- 
ing, handling,  and  working  of  concrete.  In  addi- 
tion to  numerous  hand-operated  tools,  the  list 
includes  crushers  and  grinders ;  screens  and  sep- 
arators; mixers;  automatic  measuring  devices 
for  water,  cement,  and  aggregates ;  automatic 
and  pneumatic  tampers;  engines  for  power; 
hoists;  elevators;  wheelbarrows;  dump  buckets 
and  cars;  machines  for  making  blocks,  sills, 
posts,  brick,  tile,  shingles,  etc.  Many  typical 
examples  of  these  tools  and  machines  are  illus- 
trated in  Figs.  15  to  26  and  Plates  3  to  25. 

The  selection  of  the  equipment  necessary  will 
depend  on  considerations  of  economy  and  effi- 
ciency; and  these,  in  turn,  will  be  found  to  de- 
pend on  the  size  of  the  job,  on  the  quantity  to  be 
mixed  per  day,  and  on  local  conditions  peculiar 
to  the  work  in  hand.  Each  job,  particularly  on 
large  work,  constitutes  a  problem  by  itself,  call- 
ing for  careful  analysis  of  details. 
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Figr.  15.    Concreting  Haad-Tools. 

a — Eotary  Jointer;  b — fluted  Roller;  c — ^Eound  Corner  Smoothing 
Trowel;  d — Sidewalk  Edger;  e — Date  Stamp;  f — Name  Plate; 
g — Radius  Tool;  h — Square  Corner  Smoothing  Trowel;  j — Brass 
Jointer;  k-^Tamp;  1 — Tamper;  m — Square  Corner  Smoothing 
Trowel;  n — ^Jointfer;  o — Jointer;  p — Center  Knife;  q — Driveway 
Groover;  r — Hand  Brass  Jointer;  s — Round  Corner  Smoothing 
Trowel;  t-^Indenting  Roller;  u — Driveway  Impression  Frame. 
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In  general,  it  may  be  said  that  the  plant 
should  be  located  as  near  as  possible  to  the  place 
of  depositing  the  concrete ;  uninterrupted  facili- 
ties for  handling  materials,  charging  mixers,  and 
distributing  the  concrete  should  be  provided;  the 
cycle  of  operations  should  be  simplified  as  much 
as  possible,  and  systematically  maintained;  ma- 
chine parts  should  in  all  cases  be  capable  of 
ready  duplication  to  prevent  delays  from  break- 
downs or  wearing  out  of  parts;  a  plant  should  be 
adapted  not  only  to  the  original  job  for  which  it 
is  selected,  but  to  subsequent  work  of  other 
kinds;  and,  on  small  jobs,  to  depend  on  hand 
labor  is  usually  more  economical  than  to  invest 
large  sums  in  machinery. 

HAND  TOOLS 

The  hand-operated  tools  and  devices  used  in 
ordinary  concrete  work  comprise  shovels,  spades, 
hoes,  rakes,  screens,  pails  or  buckets,  hose,  sand 
and  gravel  measuring  boxes,  wheelbarrows,  con- 
crete board  and  runways  (see  Plate  3),  besides 
a  number  of  special  tools  of  steel,  iron,  brass,  or 
bronze,  for  marking  and  finishing  joints,  sur- 
faces, and  edges,  squaring  and  rounding  corners, 
etc.  Many  of  these  special  tools  are  illustrated 
in  Fig.  15.  There  may  also  be  purchased  long- 
handled  tools  which  enable  finishers  to  do  their 
work  from  an  upright  position  instead  of  getting 
down  on  their  hands  and  knees. 
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TAMPERS 

Pneumatic  tampers,  operated  by  compressed 
air,  are  used  chiefly  in  connection  with  concrete 
block  and  moulding  machines.  The  "Kramer" 
Automatic  Tamper  is  a  power  machine  usually 
driven  by  a  small  gasoline  engine  or  motor.  The 
tamping  is  done  by  a  gang  of  tamper  hammers, 
which  consist  of  detachable  wooden  blocks  con- 
nected to  eccentrics  mounted  on  a  revolving 
shaft,  and  so  set  around  the  shaft  that  as  some 
of  the  tampers  are  coming  down,  others  are  go- 
ing up.  The  force  of  the  blows  is  regulated  by  a 
hand  lever  which  is  pulled  down  a  greater  or 
less  distance,  lowering  or  raising  the  tampers; 
and  the  driving  pulley  is  automatically  disen- 
gaged when  the  tamping  is  done  and  while  the 
block  is  being  removed  from  the  plate.  The  ma- 
chine is  especially  adapted  to  rapid  work  and 
large  output. 

CRUSHERS  AND  GRINDERS 

In  the  processes  of  grinding  and  crushing, 
the  expenses  incurred  through  consumption  of 
power,  necessity  for  repairs,  and  delays  result- 
ing in  loss  of  output,  are  ordinarily  excessive. 
In  the  case  of  a  grinder,  the  direct  loss  due  to 
excessive  wear  of  parts  often  results  in  a  yearly 
cost  for  repairs  amounting  to  from  one-third  to 
one-half  the  original  cost  of  the  machine.  The 
efficiency  of  a  good  grinder,  therefore,  will  de- 
pend on  its  economy  of  power  consumption,  its 
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compactness  and  strength  of  construction,  anCT 
its  capacity  of  output. 

Plate  4  gives  exterior  and  sectional  views  of 
the  **Maxecon"  Grinder.  The  mechanism  and 
manner  of  operation  are  shown  in  the  sec- 
tional view.  The  underlying  principle  is  that  of 
a  free,  vertical,  concave  ring,  yieldingly  sup- 
ported on  three  rolls  pressing  against  its  inner 
face,  and  having  a  free  movement  relative  to  one 
another.  The  lateral  freedom  of  the  ring  allows 
it  to  adapt  its  position  relatively  to  the  material 
being  ground,  so  that  the  line  of  least  resistance 
to  crushing  of  the  material  is  automatically 
found,  and  the  crushing,  it  is  claimed,  is  accom- 
plished with  a  minimum  of  wear  and  power. 

As  the  ring  revolves,  the  three  rolls  press 
against  its  inner  face.  These  are  the  four 
wearing  parts.  The  rolls  are  convex,  and  the 
ring  is  concave,  and  tracks  on  the  rolls.  The 
springs  support  the  rolls  yieldingly,  and  the  rolls 
support  the  ring,  so  that  the  four  crushing  parts 
are  free  to  move  to  pass  iron  or  uncrushable  ob- 
jects, and  are  cushioned  to  take  up  shock  and 
vibration  and  prevent  crystallization  or  break- 
age. 

The  feed  falls  onto  the  inner  face  of  the  ring. 
Centrifugal  force  holds  it  there  in  a  layer  an 
inch  deep.  It  revolves  with  the  ring,  and  passes 
under  the  rolls.  The  rolls  are  pressed  by  the 
springs  outwardly  against  the  material  on  the 
ring  with  a  crushing  pressure,  adjustable  by  the 
screws  to  20,000  pounds.    The  rolls  roll  over  the 
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material,  crushing  it  against  the  ring.  The 
crushed  material  flows  off  each  side  of  the  ring 
into  the  casing,  and  falls  to  the  discharge. 

The  body  of  material  between  the  rolls  and 
the  ring  makes  most  of  the  material  abrade  on 
itself  in  crushing,  thus  reducing  the  wear  on  the 
wearing  parts. 


Fig.  16.    "MitcheU"  Crusher. 


Crushers  of  the  roll-jaw  type  are  illustrated 
in  Plate  5  (top  figure)  and  in  Figs.  16  and  18. 

In  the  ''Eureka"  crushers  of  the  '* Mitchell" 
type  (Fig.  16),  the  ''Blake"  type  (Fig.  17),  and 
the  "Universal"  type  (Fig.  18),  a  special  safety 
link-plate  is  provided  for  such  cases  of  emerg- 
ency as  when  unbreakable  material  is  dropped 
between  the  jaws  of  the  machine.    Adjustments 
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are  very  readily  effected  for  greater  or  less  fine- 
ness of  crushing,  by  means  of  the  screw  and 
hand-wheel,  the  angle  of  the  link-plate  being 
changed,  thus  adjusting  the  peculiar  motion  of 
the  crushing  jaw,  which,  being  semi-rotary  and 
at  the  same  time  reciprocating,  facilitates  the 
crushing  of  the  hardest  rock.  Any  degree  of 
fineness,  it  is  claimed,  may  be  obtained — from 


Fig.  17.    "Blake"  Crusher. 


4-inch  size  in  rock  or  clinker,  hard  or  soft,  to 
sand,  at  one  operation,  from  the  raw  sizes  to  the 
fineness  required  in  the  processes  of  cement 
manufacture. 

Roll-jaw  crushers,  in  the  small  sizes,  are  fre- 
quently of  the  pitman  or  heavy  connecting-rod 
type;  in  the  larger  sizes,  of  the  cam-and-roll 
tjrpe,  the  latter  keeping  the  best  adjustment 
under  heavy  wear  and  operating  with  the  least 
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vibration.  The  "Sturtevant"  Crusher  shown  in 
the  top  figure  of  Plate  5  is  of  the  cam-and-roU 
type.  It  will  reduce  hard  rock,  through  jaws 
set  to  one-fourth  inch — that  is,  to  sand  size. 
Opposite  the  stationary  front  jaw  is  a  long  lever 
jaw  backed  by  a  toggle,  which  is  rocked  by  a 
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Fig.  18.    "Universal"  Crusher. 


pitman  connected  with  an  eccentric  cross-shaft. 
The  jaws,  although  appearing  to  advance  and 
recede,  remain  at  a  fixed  distance  apart,  the 
rocking  jaw  face  rolling  upon  the  material 
caught  between  the  jaws,  and  thus  giving  an 
action  which  is  claimed  to  be  remarkably  smooth 
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regular,  and  powerful.  The  jaws  are  adjusted 
for  fine  or  coarse  work  by  a  change  of  toggles,  or 
by  shims  or  thin  plates  back  of  the  stationary 
jaw-plate.  The  massive  rear  casting  charac- 
teristic of  this  machine  holds  the  plate  as  rigidly 
at  the  back  as  in  the  front,  and  is  claimed  to 
prevent  deformation  of  the  frame  even  under 
the  severest  conditions.  This  casting  also  carries 
the  driving  shaft  in  bearings  absolutely  inde- 
pendent of  the  frame,  so  that  the  shaft  is  un- 
affected by  the  crushing  stress  and  is  always 
kept  in  alignment. 

The  *'Hayden''  Stone  Crusher  has  its  eccen- 
tric shaft  of  forged  steel  extending  out  on  each 
side  to  take  40-inch  fly-wheels.  The  driving  con- 
nection is  made  to  pulleys  on  each  side,  the  size 
of  which  depends  on  the  speed  of  the  line-shaft 
running  the  crusher.  The  crusher  jaws  are  ad- 
justable so  as  to  take  in  material  one  inch  to  ten 
inches  in  size. 

In  the  **Koehring'*  Steel  Stone  Crusuher  the 
band  wheel  is  attached  to  an  eccentric  shaft  upon 
which  rests  an  anti-friction  roller  set  in  a  lever. 
The  fulcrum  of  this  lever  is  at  a  low  point  on 
the  crusher  frame.  The  moving  jaw  is  pivoted 
at  the  top  end,  and  motion  is  imparted  to  it  by 
means  of  a  toggle  which  works  in  movable  seats 
on  the  jaw  and  on  the  lever.  By  the  employment 
of  this  simple  principle,  great  power  is  given  to 
the  movement  of  the  jaw. 

Crushers  are  also  of  the  gyratory  type,  the 
material  being  fed  into  a  hopper  with  interior 
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revolving  and  stationary  mechanism.  In  the 
"Symons"  Gyratory  Crusher,  a  peculiarity  of 
construction  which  is  claimed  to  add  materially 
to  the  strength  of  the  frame  is  found  in  the  sta- 
tionary main  shaft.  The  power  is  transmitted  to 
the  main  head  by  means  of  an  eccentric  sleeve 
revolving  around  the  main  shaft,  driven  by 
bevel-gearing  at  the  base,  the  resultant  crushing 
movement,  it  is  said,  being  uniform  at  all  parts 
of  the  head. 

Very  frequently — especially  where  the  quan- 
tity of  material  to  be  crushed  is  large — crushed 
stone  elevators  are  operated  in  connection  with 
the  crushing  plant,  to  deliver  the  product  di- 
rectly to  the  stock  pile  or  to  dump-cars.  They 
are  adjustable  to  various  heights  by  raising  or 
lowering  the  long  conveyor  frame.  They  con- 
sist in  principle  of  a  series  of  buckets  carried  on 
an  endless  chain  or  belt  conveyor  revolving  on 
rollers,  usually  chain-driven,  carried  on  a  long, 
rigid  frame. 

SCREENS  AND  SEPARATORS 

Under  this  head  we  find  a  considerable  num- 
ber of  devices  employed  for  separating  and  grad- 
ing the  coarser  and  finer  particles  in  natural  sand 
and  gravel  and  in  crusher-run  material. 

The  simplest  form  of  screen,  commonly  used 
in  small  operations,  consists  merely  of  a  large, 
oblong  sieve  which  is  placed  on  end  at  an  incline, 
and  against  which  the  material  to  be  screened  is 
thrown  in  successive  shovelfuls  by  the  workmen. 
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"SMALLEY  &  TRULIN  NEW  IMPROVED"  CONCRETE  BLOCK  MACHINE. 

Adjustable   to   a   great   variety   of    sizes    and    styles   of   block.      Blocks    especially 
adapted  for  walls  with  multiple  air-spaces. 


"McKELVEY"      CONCRETE      MIXER      MOUNTED      ON 
TRUCKS  WITH  GASOLINE  ENGINE. 


"SNELL"  CONCRETE  MIXER. 
Mounted  on  sk!ds,  showing  manner  of  connecting  engine. 
Plate  8 — Materials  axd  MAXfFACTURE  of  CoNCitETE. 
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"POLYGON""  MIXEK 


"STANDARD"  BATCH  MIXER. 

Adaptable  to  either  power  or  hand  driving.     Drum,  always 

open,  dumps  to  either  side. 

Plate  9 — Materials  and  Manufactiue  of  Concrete. 


Machine  Here  Shown  for  a  24-In.  Block. 


Removing  jNIachine  from  Block. 

"MODERN"    CONCRETE    liLOCK   MACHINE. 

Uses  wet  process ;  adjustable  to  various  sizes  and  shapes. 
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The  finer  ingredients,  passing  through  the 
meshes,  drop  to  the  ground  or  platform,  and 
accumulate  in  a  heap  behind  or  underneath  the 
screen. 

In  larger  operations,  and  particularly  in  those 
cases — as  in  some  of  the  processes  of  Portland 
cement  manufacturing — where  the  utmost  accu- 
racy in  the  grading  of  materials  is  necessary, 
hand  screening  is  wholly  inadequate,  and  re- 
course is  had  to  mechanically  operated  screening 
devices. 

Very  efficient  machines  of  this  class  are  found 
in  the  various  types  of  revolving  screens  now  on 
the  market.  Examples  are  illustrated  in  Fig.  19. 
These  screens  consist  essentially  of  cylinders  of 
perforated  metal  or  wire  cloth  mounted  at  a 
slight  incline  and  slowly  revolving  on  a  gear- 
driven  shaft.  The  finer  meshes  are  at  the  upper 
end,  the  coarser  at  the  lower  end.  The  material 
to  be  screened  is  fed  from  a  hopper  or  chute  into 
the  revolving  screen  at  its  upper  end,  and  the 
successive  sizes  of  ingredients  are  automatically 
separated  by  passing  through  the  meshes  as  the 
material  slowly  find  its  way  to  the  lower  end  of 
the  screen. 

Several  important  types  of  machines  known 
as  separators  have  been  developed,  consisting 
essentially  of  an  inclined,  mechanically  vibrated 
screen,  entirely  enclosed  so  as  to  be  dust-proof. 
One  of  these — the  ''Newaygo"  Separator — is  il- 
lustrated in  Plate  5  (lower  figure).  With  ma- 
chines of  this  class,  the  fineness  of  output  is  con- 
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trolled  to  a  considerable  extent  by  adjusting  the 
supporting  legs  of  the  machine  so  as  to  change 
the  inclination  of  the  screening  surface,  which 
has  the  same  effect  as  diminishing  or  increasing 
the  screen  mesh.  The  screen  can  be  withdrawn 
for  replacement  or  cleaning  through  a  door  at 
the  upper  end  of  the  separator  box,  or  through 
the  hinged  front  cover. 

In  the  case  of  the  "Newaygo"  separator,  the 
feed  conveyor  distributes  with  regularity  over 
the  screen  surface.  A  door  at  the  back  of  the 
conveyor  box  admits  access  to  the  feed-board 
and  conveyor.  The  steel  screen  frame  maintains 
a  uniform  tension  of  the  screen  cloth,  promoting 
the  vibratory  impulses.  The  simple  device  for 
producing  vibrations  secures  movements  rapid 
and  sharp,  but  of  small  amplitude.  The  design 
admits  using  either  one  or  two  screens,  and  any 
mesh  cloth  up  to  a  fineness  of  one  hundred. 

The  purpose  of  the  machine  is  to  separate  all 
moderately  dry,  pulverized  materials.  The  vi- 
brations are  sharp  and  cleansing,  and  give  mate- 
rial in  process  the  least  possible  projection,  offer- 
ing it  innumerable  opportunities  to  pass  through 
the  clean  screen  openings  before  the  tailings 
escape  at  the  foot.  The  material  is  fed  into  the 
hopper,  from  which  it  is  taken  by  a  spiral  con- 
veyor and  distributed  in  a  continuous,  thin 
stream  over  the  entire  cross-surface  of  the 
screen.  The  cloth  is  automatically  kept  in  ten- 
sion, and  vibrated  by  the  constant  tapping  of 
small  hammers.    As  the  material  flows  down  the 
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screen,  the  finer  matter  passes  through  the 
meshes,  and  the  tailings  escape  over  its  foot 

The  'Terfectecon"  Separator  is  similar  to 
the  "Newaygo"  in  principle  and  in  general  ap- 
pearance, but  differs  from  it  in  some  mechanical 
details. 

A  conveyor  in  a  casing  delivers  the  material 
over  the  edge  of  an  adjustable  feed-trough,  in  a 
steady  stream  of  minimum  thickness,  which 
slides  onto  the  vibrating  surface  of  the  screen 
cloth.  This  cloth  is  under  adjustable  ten- 
sion, and  is  carried  on  a  frame  suspended  from 
springs.  Light  reciprocating  knockers,  carried 
on  rocking  shafts,  actuated  by  a  crank  on  the 
conveyor  shaft,  deliver  hundreds  of  light  taps 
per  minutue  to  the  screen  frame.  These  vibra- 
tions are  small  but  strong,  and  cause  a  constant 
and  thorough  vibration  of  the  screen  cloth,  so 
that  the  material  running  over  the  screen  is  not 
thrown  violently  from  it,  but  just  projected  suffi- 
ciently to  keep  the  meshes  of  the  cloth  clean,  to 
assure  a  maximum  capacity  with  a  minimum 
screen  wear,  and  a  tailing  free  from  fines.  An 
outlet  is  provided  for  the  tailings  either  through 
the  bottom  or  the  front.  The  bottom  of  the 
separator  casing  is  very  steep,  having  an  inclina- 
tion of  over  50  degrees  when  in  the  average 
working  position,  to  insure  free  flow  of  fines. 

CONCRETE  MIXERS 

Concrete  mixers  comprise  two  general  classes 
— continuous  mixers  and  batch  mixers.  With  the 


360  CEMENT  CONSTRUCTION" 

*' continuous"  type,  the  feeding  of  the  materials, 
the  mixing,  and  the  discharge  of  the  concrete 
form  one  continuous  process  which  may  be  car- 
ried on  indefinitely.  With  ^' batch"  mixers,  on 
the  other  hand,  only  certain  measured  quantities 
of  cement,  sand,  etc.,  are  fed  to  the  machine,  and 
only  a  definite  quantity  or  ''batch"  of  concrete 
is  made  and  discharged  at  a  single  operation,  the 
process  being  repeated  as  often  as  may  be  neces- 
sary. Some  mixers  are  designed  so  that  they  can 
be  adjusted  to  do  work  either  continuously  or 
in  batches,  and  thus  combine  features  of  both 
classes  of  machines. 

Plates  6  to  10  show  various  mixers  of  the 
batch  type;  and  in  Plates  11  and  12  are  shown 
examples  of  the  continuous  and  combined  types. 

In  continuous  mixers,  the  general  mechanical 
principle  is  that  of  a  long  screw  or  pug-mill,  the 
mixing  being  done  in  a  long  drum  by  means  of 
blades  or  paddles  mounted  on  revolving  shafts, 
which,  somewhat  like  the  thread  of  a  screw  or 
the  blades  of  a  propeller,  agitate  the  materials 
and  at  the  same  time  shove  them  along  toward 
the  discharge  end  of  the  drum.  In  the  combined 
type,  the  discharge  opening  in  the  drum  may  be 
closed,  the  feed  cut  off,  and  only  a  batch  mixed 
at  a  time. 

Concrete  mixers  are  further  distinguished  ac- 
cording to  their  mechanical  construction  and 
operation,  into  three  classes — namely,  gravity 
mixers,  revolving  or  rotary  mixers,  and  paddle 
mixers. 
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In  the  gravity  type,  as  the  name  indicates, 
the  operating  force  is  that  of  gravity.  The  mate- 
rials are  mixed  by  simply  being  thrown  down  an 
inclined  chute.  On  the  interior  surface  of  this 
chute  are  fastened  projecting  members  in  the 
shape  of  pins  or  blades,  which  are  successively 
struck  by  the  materials  in  their  descent.  These 
mixers  are  usually  constructed  of  sheet  steel,  and 
may  be  had  in  sectional  form  adjustable  to  the 
greater  or  less  height  of  the  raised  platform  from 
which  the  materials  are  dumped.  Mixers  of  the 
gravity  type  were  the  earliest  mechanical  mixers 
used. 

Rotary  mixers  comprise  a  great  variety  of 
commercial  types.  In  general,  they  consist  of 
a  hollow,  revolving  drum  or  box  usually  power- 
driven,  but  sometimes  operated  by  hand.  In 
some  eases  the  shape  of  the  box  or  the  form  of 
the  plates  composing  the  drum,  combined  with 
the  manner  of  mounting,  is  depended  upon  to  do 
the  mixing  as  the  machine  revolves,  without  the 
assistance  of  any  interior  paddles  or  blades.  In 
other  cases,  blades  or  reflectors  are  mounted  in 
the  interior  of  the  drum  in  positions  calculated 
to  intercept  the  material,  cut  through  it,  and 
throw  it  about  from  side  to  side,  thus  mixing  it 
thoroughly.  Many  machines  of  this  type  can  be 
filled  and  discharged  while  running. 

The  "Smith"  Mixer,  illustrated  in  Plate  6, 
is  a  batch  mixer  of  the  rotating  drum  type.  The 
double  conical  mixing  drum  rests  in  a  steel,  U- 
shaped,  swinging  cradle.    Two  cast-iron  arms,  or 
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^'truniuons,"  are  firmly  attached  to  the  upper 
ex:ireinities  of  the  U-frame.  These  trunnions 
project  into  upright  supporting  castings,  often 
called  ** pedestals/'  The  cradle,  supported  by 
and  between  the  pedestals,  swings  freely  on  the 
trunnions. 

To  discharge  the  contents  of  the  drum,  the 
supporting  cradle  is  swung  upon  the  trunnions, 
and  the  drum  tilted  to  a  steep  angle.  The  tilting 
process  in  no  way  interferes  with  the  continuous 
revolution  of  the  drum,  as  the  main  shaft  of  the 
mixer  passes  through  the  trunnions,  at  the  center 
of  the  circle  in  which  the  cradle  swings.  The 
mixer  tilts  with  ease,  owing  to  the  fact  that  the 
center  of  the  tilting  arc  is  considerably  below 
the  center  of  the  drum.  Thus,  the  batch  is 
swung  on,  or  almost  on,  its  own  center.  The 
smaller-sized  machines  are  tilted  by  means  of  a 
hand-lever;  larger  sizes,  by  means  of  a  worm  and 
worm-wheel  tilting  apparatus  or  a  special  power 
tilting  device. 

The  drum  consists  of  two  steel  cones  riveted 
to  a  central  iron  ring.  The  cones  have  removable 
linings  to  reinforce  the  shell  at  the  points  where 
the  falling  materials  cause  the  greatest  wear 
upon  the  drum. 

Eiveted  on  the  inner  surface  of  the  drum  are 
blades  (see  Plate  6,  at  right),  set  at  an  angle  to 
the  central  axis  of  the  drum,  so  that  they  not 
only  pick  up  and  turn  over  the  materials,  but  at 
the  same  time  create  an  alternating  sidewise 
movement  of  the  contents  towards  and  over  the 
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center  of  the  drum.  The  blades  are  so  placed 
that  no  one  of  them  abuts  against  another  blade 
or  surface  to  form  a  pocket.  In  operation,  such 
pockets  invariably  become  filled  with  concrete, 
rendering  the  blades  useless  and  necessitating 
chisel-work  to  clean  the  machine.  The  blades 
are  arranged  spirally  in  such  a  position  as  to 
cause  the  materials  to  flow  down  the  inclined 
surface  of  the  blades  and  away  from  the  shell. 
This  materially  lengthens  the  life  of  the  drum. 

The  spiral  arrangement  of  blades,  combined 
with  the  double  conical  shape  of  the  driun,  pro- 
duces an  alternating,  sidewise  movement  of  the 
materials,  simultaneous  with  the  rolling  move- 
ment of  the  batch. 

The  power  is  transmitted  by  a  miter  gear 
upon  the  main  driving  shaft,  to  a  spur-bevel  gear 
upon  the  cross-shaft.  The  spur  of  the  last-men- 
tioned gear,  meshing  with  the  gear  encircling  the 
drum,  causes  the  drum  to  revolve. 

A  feed  spout  of  sheet  steel  forms  a  part  of 
the  standard  mixer  equipment.  This  spout  is 
supported  by  rods,  and  by  an  A-shaped  bracket 
attached  to  the  base  of  the  swinging  frame.  This 
bracket  carries  adjusting  screws,  by  means  of 
which  the  lower  end  of  the  spout  can  be  raised 
or  depressed  to  avoid  contact  with  the  shell  of 
the  drum. 

Means  are  provided  for  lubricating  all  bear- 
ings without  stopping  the  machine. 

The  **Koehring*'  Mixer  is  illustrated  in  Plate 
7  (at  the  left).    The  particular  machine  shown 
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is  mounted  on  a  truck  with  small  steam  engine 
for  power,  and  is  equipped  with  an  elevating 
charging  bucket  and  with  an  automatic  water- 
measuring  tank  of  the  cylindrical  type.  In  the 
same  plate  (at  the  right)  is  also  shown  a  water- 
measuring  device  of  the  square  tank  type. 

The  ''Koehring"  mixer  is  of  the  cylindrical 
drum  type,  but,  unlike  many  others  of  this  class, 
it  does  not  tilt  to  discharge.  Any  desired  quan- 
tity of  concrete  up  to  the  batch  capacity  of  the 
machine  can  readily  be  taken  out.  Loading  and 
unloading  may  be  done  while  the  mixer  is  in 
operation. 

The  drum  is  made  with  rounded  corners  or 
rounded  edges  to  prevent  clogging.  The  blades 
and  scoops  are  riveted  to  the  cylinder  of  the 
drum,  and  rounded  in  the  same  manner  as  the 
corners.  The  blades  are  placed  diagonally 
across,  and  throw  the  material  in  opposite  direc- 
tions. The  scoops  pick  up  the  material  and 
throw  it  onto  the  discharge  chute,  which  in  turn 
throws  it  back  into  the  drum,  or  out  of  it,  de- 
pending upon  the  way  the  discharge  chute  is 
inclined.  The  arrangement  of  the  blades  gives 
the  material  an  end-to-end  mixing.  They  carry 
the  material  alternately  from  end  to  end  of  the 
drum  and  break  it  over  against  the  heavy  heads. 
This  effects  a  constant  lifting  and  pouring  from 
the  sides,  in  addition  to  the  longest  possible  end- 
to-end  mixing.  Between  the  end  of  each  blade 
and  the  head  of  the  drum,  there  is  sufficient 
clearance  to  prevent  pocketing  of  the  material.. 
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The  discharge  chute  is  made  in  two  sections, 
and  is  sufficiently  high  from  the  ground  to  clear 
the  ordinary  wheelbarrow.  The  section  outside 
the  driun  is  stationary;  that  inside  tilts  upward 
when  the  material  is  not  wanted,  and  is  con- 
trolled by  a  lever.  To  discharge  the  contents 
from  the  drum,  it  is  only  necessary  to  pull  the 
lever  which  gives  the  discharge  spout  a  down- 
ward incline,  and  any  quantity  of  material  can 
be  obtained.  To  stop  the  flow,  simply  release 
the  lever,  and  the  discharge  is  shut  off. 

The  elevating  charging  bucket  is  a  substitute 
for  the  ordinary  platform  from  which  materials 
are  dumped  into  the  mixer.  The  bucket  can  be 
filled  while  a  batch  is  being  discharged  from  the 
drum;  and  as  soon  as  the  drum  is  empty  the 
bucket  is  hoisted  into  a  discharging  position,  and 
the  entire  batch  emptied  into  the  drum. 

As  shown  in  the  illustration,  the  bucket  is 
elevated  by  means  of  two  wire  cables  fastened  to 
its  extreme  outer  corners  and  passing  over 
sheaves  to  the  winding  drums.  These  drums  are 
keyed  onto  a  shaft,  which  is  driven  by  gearing 
from  the  main  driving  shaft,  and  operated  by  a 
friction  clutch. 

The  **Koehring"  Batch  Mxer  shown  in  Plate 
10  (lower  left  figure)  is  a  type  of  machine  com- 
bining the  features  of  dry  mixing  in  the  drum 
and  adding  the  water  in  the  trough.  It  is 
especially  designed  to  meet  conditions  requiring 
the  dry  mixing  of  cement  with  other  materials, 
such  as  coloring  or  waterproofing.   In  such  cases 
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the  cement  and  waterproofing  or  coloring  can  be 
dumped  into  the  drum  and  allowed  to  mix,  then 
the  sand  or  gravel  added  and  mixing  allowed 
again  to  proceed  as  long  as  desired.  When  the 
material  is  wanted,  it  is  necessary  only  to  push 
a  lever  and  open  the  water-supply  valve. 

Automatic  Water-Measuring  Tanks.  The 
''Smith"  measuring  tank  is  shown  at  the  right 
in  Plate  7.  The  supply,  under  pressure,  is  con- 
nected at  one  end,  near  the  top  of  the  tank,  and 
is  shut  oH  through  movement  of  the  arm  carry- 
ing the  float,  which  arm  may  be  adjusted  to 
operate  at  various  heights,  thus  regulating  the 
amount  of  water  admitted  to  the  bank.  The  out- 
let is  a  two-inch  tank  valve  in  the  bottom  of  the 
tank,  and  is  arranged  for  a  hose  coupling,  a  hose 
being  the  easiest  means  of  connecting  the  tank  to 
the  mixer. 

This  tank  may  also  be  used  as  an  indicator 
where  varying  quantities  of  water  are  used,  to 
show  the  amount  of  water  in  any  batch.  For 
this  purpose,  set  the  ball  for  the  maximum 
capacity,  allow  the  tank  to  fill,  and  open  the 
tank  valve.  The  pointer  on  the  outside  will  go 
downward  as  the  water  falls  in  the  tank;  and  a 
glance  at  the  gauge  will  show,  at  any  instant, 
how  much  water  has  run  out. 

The  "Koehring"  water-measuring  tank  is  a 
simple  mechanism  containing  neither  float  nor 
moving  parts.  It  consists  of  a  cylindrical  steel 
tank  mounted  horizontally,  near  one  end  of 
which  a  2-inch  pipe  with  a  long  running  thread 
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passes  down  through  the  tank  into  a  2i/2-inch 
brass  pipe  to  which  a  2i/2-iiich  special  three-way 
valve  is  fitted  at  the  end.  Within  the  tank  is  an 
oblong  hole  cut  into  the  2-inch  threaded  pipe, 
through  which  water  flows  into  the  mixer  drum, 
and  w^hich,  by  being  raised  or  lowered  to  any 
desired  height,  controls  the  amount  of  water  to 
each  batch  mixed  in  the  drum.  The  tank  will 
always  fill  up  to  the  top,  a  vertical  check-valve 
allowing  the  air  to  escape,  and  closing  when  the 
water  comes  in  contact  with  it.  When  it  is  de- 
sired to  put  the  water  into  the  mixer  drum,  the 
lever  on  the  three-way  valve  is  given  a  quarter- 
turn,  which  shuts  off  the  supply  and  allows  the 
water  in  the  tank  to  flow  out  into  the  mixer 
through  the  oblong  hole.  If  more  water  is  de- 
sired, it  is  only  necessary  to  screw  down  the 
threaded  pipe.  On  account  of  the  large  pipe  the 
flow  of  water  from  the  tank  into  the  mixer  is 
very  rapid. 

The  feed-hose  is  connected  with  the  three- 
way  valve  by  a  %-inch  pipe,  and  from  this  %- 
inch  pipe  there  is  also  a  connection  to  supply  the 
water  for  boiler,  so  that  only  one  feed-hose  is 
required. 

In  the  **McKelvey"  Mixer,  shown  in  Plate 
8  (at  top),  the  drum,  which  is  chain-driven,  is 
fed  and  discharged  while  in  motion,  without 
changing  its  position  or  direction.  Blades  in  the 
interior  assist  in  the  mixing  of  the  ingredients 
for  the  batch,  and  the  discharge  is  controlled  by 
a  lever  on  the  drum. 
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The  "Snell'*  Mixer  (Plate  8,  lower  figure) 
IS  also  a  rotary  machine,  but  of  the  open-drum 
type.  The  driun  is  its  distinctive  feature.  In 
the  smaller  machines,  this  is  cylindrical  in  form 
and  made  in  one  piece;  but  in  the  larger  ma- 
chines, only  the  base  of  the  drum  is  cylindrical, 
a  conical  top  being  riveted  thereto,  which  gives 
a  diminshed  opening  and  facilitates  discharge  in 
small  space.  The  interior  of  the  drum  is  per- 
fectly smooth,  except  for  five  small  blades 
riveted  to  its  sides,  at  right  angles  to  the  bottom 
and  parallel  to  one  another. 

When  in  operation,  the  drum  is  tilted  at  an 
angle  of  45  degrees.  The  small  blades  not  only 
carry  the  material  to  the  top  and  then  let  it  fall, 
but  also  effect  a  pouring  process,  which  is  ac- 
knowledged to  be  effective  in  mixing.  The  time 
required  for  loading,  mixing,  and  discharging, 
it  is  claimed,  is  normally  two  minutes.  The 
drum  may  be  loaded  directly  from  wheelbarrows 
run  up  onto  the  low  loading  platform.  The  mate- 
rial remains  in  full  view  all  the  time,  for  inspec- 
tion during  the  mixing  process.  Discharge  is 
effected  by  tilting  the  drum.  In  the  case  of  the 
smaller  machines,  this  is  done  by  hand,  the  drum 
being  balanced  so  that  little  power  is  required. 
With  the  larger  machines,  the  tilting  is  accom- 
plished by  means  of  a  power-driven  worm  gear 
controlled  from  the  loading  platform.  Both 
loading  and  discharge  may  be  effected  while  the 
machine  is  in  operation. 

In  the  "Polygon"  Mixer  (Plate  9,  top  fig- 
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ure),  the  shape  of  the  drum  is  depended  upon,  as 
it  revolves,  to  effect  the  mixing  of  the  batch.  A 
rapid  endwise,  sidewise,  and  crosswise  move- 
ment is  set  up,  the  materials  being  thrown  from 
each  end  and  side  toward  and  past  the  center 
alternately,  while  the  drum  is  constantly  turn- 
ing. The  dumping  chute,  which  is  raised  or 
lowered  as  required,  is  readily  controlled,  so  that 
as  large  or  as  small  a  quantity  of  concrete  as 
may  be  desired  can  be  taken  out ;  and  both  charg- 
ing and  discharging  can  be  done  while  the 
machine  is  running  at  full  speed. 

The  "Standard"  Mixer  (Plate  9,  lower 
figure)  is  a  batch  machine  of  the  open-drum 
type.  Its  method  of  operation  is  clearly  indi- 
cated in  the  photograph.  The  mixing  drum  is 
tilted  to  whichever  side  desired,  at  an  angle  of 
about  45  degrees,  and  the  material  put  in.  With 
the  rotation  of  the  drum,  the  material  is  divided, 
and  carried  from  the  lower  to  the  higher  part  of 
the  drum,  and  returned  again  to  the  lower  part, 
this  operation  being  repeated  during  25  to  30 
revolutions  of  the  drum.  The  operations  of 
charging,  wetting,  and  dumping  are  all  per- 
formed while  the  machine  is  in  operation.  When 
mixture  is  ready  for  use,  the  drum  is  tilted  for- 
ward far  enough  to  either  side  desired,  for  the 
material  to  run  out  into  the  wheelbarrow  or  other 
receptacle  placed  to  receive  it.  The  interior  of 
the  drum  is  completely  open  to  view  and  acces- 
sible at  all  times,  for  cleaning,  inspection  of  con- 
tents, etc. 
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Street  Paving  Mixers.  Under  this  head  come 
a  niunber  of  commercial  types  of  machines  de- 
signed especially  for  laying  concrete  sub-base  or 
footing  for  street  paving,  but  adaptable  to  a  wide 
range  of  work  in  which  concrete  has  to  be  de- 
posited rapidly  over  large  areas,  as,  for  example, 
in  the  construction  of  bridge  abutments,  retain- 
ing walls,  etc.  A  typical  example  of  one  of  these 
machines  is  shown  in  Plate  10  (at  top).  They 
are  usually  equipped  with  an  elevating  charging 
bucket  holding  the  full  capacity  of  the  drum,  and 
an  automatic  water-measuring  tank  to  furnish 
the  right  amount  of  water  for  each  batch.  The 
distributing  bucket,  self-dumping  either  by  tilt- 
ing or  by  bottom-dumping,  travels  on  a  beam 
track  which  may  be  18  to  25  feet  or  so  in  length, 
and  which  swings  horizontally  through  an 
angle  of  about  170  degrees,  thus  enabling  an  area 
up  to  50  feet  or  so  in  width  to  be  covered.  The 
bucket  can  be  stopped  and  discharged  at  any 
point. 

Cube  Mixers.  One  of  the  earliest  types  of 
rotary  mixers  developed  consisted  essentially  of 
a  cubical  box  revolving  on  a  shaft  passing 
through  diagonally  opposite  corners,  and  fed  and 
discharged  through  a  door  in  one  side.  No  de- 
pendence was  placed  on  interior  disintegrator 
blades  or  scoops,  the  mixing  being  entirely  the 
result  of  the  motions  imparted  to  the  contents 
by  the  sides  and  ends  of  the  box  as  it  revolved. 

This  same  fundamental  principle  is  embodied 
in  the  ** Chicago"  Improved  Cube  Mixer,  which 
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is  shown  in  Plate  10  (lower  right  figure).  The 
old-time  shaft  is  replaced  with  hollow  trunnions 
riding  on  rollers  and  large  enough  to  serve  as 
openings  for  charging  and  discharging  the 
mixer.  The  cube  is  rotated  by  gearing  which 
meshes  with  the  teeth  on  a  circumferential  rack 
fastened  around  the  box  or  drum  at  right  angles 
to  and  midway  between  the  trunnions.  An  auto- 
matic power-dumping  device,  which  can  be  oper- 
ated by  the  man  running  the  engine,  is  used  in 


Pig.  20.    "Clover  Leaf"  or  Involute  Curved  Drum  Concrete  Mixer. 

tilting  the  drimi  for  discharge.  Instead  of  the 
sharp  corners  of  the  old-style  box,  the  corners 
are  rounded,  which  gives  a  box  of  larger  capacity 
in  the  same  space  and  eliminates  the  opportunity 
for  pocketing  of  the  fine  mortar. 

** Clover  Leaf"  Mixer.  In  this  machine, 
which  is  of  the  rotary  type,  we  have  another 
example  characterized  by  the  entire  absence  of 
interior  wings,  blades,  or  deflectors  to  assist  in 
the  mixing  process,  dependence  being  placed 
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solely  on  the  peculiar  shape  of  the  drum  and  the 
series  of  movements  it  imparts  to  its  contents. 

The  shape  of  the  drum  and  the  method  of  its 
operation  are  indicated  in  the  diagram,  Fig.  20. 
In  section,  as  shown,  the  drum  consists  of  a 
series  of  involute  curves.  These  afford  no  angles 
or  corners  for  the  pocketing  of  material.  As 
each  curve  is  carried  in  turn  to  the  bottom,  it  is 
instantly  filled  and  covered  by  the  falling  charge. 
Continuing  in  its  revolution  upward,  it  rises  out 
of  the  mass,  cutting  out  and  bringing  up  the 
bottom  of  the  mass  with  it,  and  depositing  it  over 
the  top  with  a  scattering  motion  as  it  falls.  The 
ends  of  the  drum  are  made  cone-shaped,  also 
having  involute  curves,  and  these  serve  to  cause 
a  travel  of  the  materials  from  the  ends  toward 
the  center,  where  the  corresponding  curves  in 
the  straight  part  of  the  drum  are  constantly 
carrying  up,  cutting  through,  and  turning  over 
the  entire  charge.  Discharge  is  effected  by  tilt- 
ing the  drum. 

Among  mixers  of  the  continuous  type,  some 
are  equipped  with  special  devices  for  auto- 
matically measuring  the  ingredients  and  feeding 
them  to  the  machine  in  the  proper  proportions 
to  give  any  desired  mixture  and  consistency. 
The  "Eureka"  Mixer,  of  which  a  phantomized 
view  showing  details  of  mechanism  is  given  in 
Plate  11,  is  a  machine  of  this  type.  The  cement 
bin  and  feeder — the  smaller  one  shown  in  the 
foreground — ^has  a  pocketed  cylinder  revolving 
between  concave  plates,  opening  into  the  hopper 
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MADE  BY  SAME. 


'JOHNSON"  AUTOMATIC  CONCRETE  BLOCK  MOULD. 
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"SOMERS"   PRESSURE   BLOCK  MACHINE. 
Showing  thirty  tons  pressure  applied  upon  the  block. 


'SCHENK"  CEMENT  DRAIN-TILE  MACHINE. 
See  page  313. 


"KENT"  PEECISION  CONCEETE  MIXER. 
Stationary  type. 


-•MIRACLE"  CONTINUOUS  MIXER. 
Plate  12 — Materials  and  Manufacture  of  Concrete. 


"DIAMOND"  CEMENT  ROOFING  MACHINE. 


"MARSH-DEXTER"  CONCRETE  MIXER. 
Showing  mixer  tilted  for  discharge. 


"GRUMMAN"    REINFORCED    CON- 
CRETE ROOFING  SLATE  AND 
FLOOR-TILE  MACHINE. 
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above,  from  which  the  pockets  in  the  feeder  are 
filled,  and  discharging  directly  into  the  mixing 
trough  below.  Back  of  this,  is  shown  the  feeder 
for  sand  and  gravel  up  to  2-inch  screen  size. 
This  is  a  similar  cylinder  to  that  used  in  the 
cement  feeder,  except  that  it  is  larger,  and,  in- 
stead of  being  provided  on  the  discharge  side 
with  a  concave  plate,  is  surmounted  by  a  roller, 
held  by  springs.  This  serves  to  cut  off  the  ex- 
cessive flow  of  material,  but  provides  sufficient 
flexibility  to  allow  the  rough,  coarse  material  to 
be  fed  through  the  machine  without  catching. 
The  feeder  for  crushed  stone  is  a  similar  con- 
struction on  larger  lines,  to  handle  material  up 
to  3-inch  size.  These  several  feeders  can  be 
quickly  set  to  give  any  desired  mixture.  An 
agitator  is  provided  in  the  sand  bin  to  prevent 
damp  sand  from  bridging  over  the  feeder  and 
stopping  its  action. 

The  mixer  consists  of  a  trough,  with  a  square 
shaft,  on  which  are  mounted  thirty-six  mixing 
paddles,  which  form  practically  a  continuous 
conveyor,  but,  as  each  paddle  is  distinct  and  is 
shaped  like  the  mould-board  of  a  plow,  the  mate- 
rial, as  it  passes  from  one  to  the  next,  is  turned 
over  and  stirred.  Water  is  sprayed  into  the 
mass  at  the  center  of  the  trough,  the  flow  being 
at  all  times  under  ready  control.  The  result  is 
first  a  dry  mix,  followed  by  a  wet  mix.  Machines 
of  this  type  are  regularly  equipped  with  rotary 
pumps,  making  them  independent  of  waterworks 
systems. 
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To  take  care  of  the  discharge  of  material 
while  changing  wheelbarrows,  a  hood  is  provided 
on  the  discharge  end  of  the  machine,  which  can 
be  lowered,  and  which  wiU  hold  about  a  wheel- 
barrow load.  The  gasoline  engine  suppljdng 
power  is  shown  in  its  steel  housing  at  the  right. 

The  ''Kent"  Mixer,  of  which  an  example  of 
the  stationary  type  is  given  in  Plate  12  (upper 
figure),  is  another  continuous,  automatically 
measuring  machine.  In  this — as  in  all  other 
examples  of  automatic  measuring  devices  on  the 
market — the  material  reaches  the  feeding  device 
by  gravity.  If  the  material  is  damp,  it  has  a 
tendency  to  bridge  across  the  hopper,  over  and 
out  of  reach  of  the  feeding  device.  This  diffi- 
culty, however,  it  is  claimed,  is  overcome  in  the 
''Kent"  machine  by  making  the  feeding  device 
so  large  that  practically  all  the  sand  in  the  hop- 
per is  directly  suported  by  it,  instead  of  by  the 
hopper  walls. 

The  feeder  is  simply  a  flat  plate  forming  the 
bottom  of  the  hopper,  and  having  a  reciprocating 
movement  edgewise.  One  end  wall  of  the  hopper 
does  not  reach  down  to  the  feed-plate,  thus  leav- 
ing a  lateral  outlet  or  discharge  opening  from  the 
hopper.  On  its  outward  movement,  the  feed- 
plate  conveys  a  layer  of  material  from  the  hop- 
per equal  in  thickness  to  the  height  of  this  dis- 
charge opening;  and  on  its  return  or  inward 
movement,  as  the  feed-plate  cannot  convey  the 
layer  of  material  back  into  the  hopper,  it  is  with- 
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drawn  from  under  the  layer,  which  then  drops 
into  the  mixing  trough. 

The  proportion  of  cement  is  varied  by  chang- 
ing the  height  of  the  discharge  opening  through 
which  it  is  fed.  This  height  is  controlled  by  a 
gate  arranged  to  be  operated  by  a  hand-lever. 
As  the  cement  gate  may  be  secured  in  any  de- 
sired position,  it  can  easily  be  adjusted  to  meas- 
ure exactly  the  proportion  desired,  with  prac- 
tically no  variation  whatever. 

The  mixing  apparatus  is  of  the  pug-mill  type. 
The  mixing  paddles  are  narrow,  so  that  they 
chop,  stir,  and  turn  the  material. 

The  particular  machine  illustrated  in  Plate 
12  is  one  of  small  capacity  designed  especially 
for  concrete  block,  brick,  tile,  and  post  work.  It 
has  two  hoppers — the  larger  for  sand  and  gravel, 
and  the  smaller  one  for  cement.  The  cement 
feed-plate  is  connected  to  and  operated  by  the 
sand  feed-plate.  By  changing  the  position  of  the 
hand  lever  arm  which  projects  from  beneath  the 
sand  hopper,  the  operator  can  adjust  the  throw 
of  the  feed-plates,  or  the  distance  they  move  at 
each  reciprocation,  and  thus  adjust  the  two  feeds 
simultaneously  to  deliver  any  desired  output 
within  the  capacity  of  the  machine,  without 
changing  the  relative  proportion  of  the  materials 
and  without  changing  the  speed  of  the  driving 
shaft.  He  can  also  stop  the  feed  entirely  without 
stopping  any  other  part,  and  thus  clean  out  the 
mixing  trough.     This  arrangement  adapts  the 
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machine  to  be  driven  by  either  a  variable-  or  a 
constant-speed  motor. 

The  principal  distinguishing  feature  ot  the 
"Miracle"  Continuous  Mixer  is  found  m  its  nux- 
ing  device,  which  consists  of  ribbon  conveyors 
thit  throw  the  material  forward,  backward,  and 
sideways.  There  are  two  of  these  conveyors  side 
by  sfde  in  the  mixing  trough,  placed  so  that  they 
overlap  each  other.  As  one  is  right-handed  and 
the  other  left-handed,  they  throw  all  material 
toward  the  center,  the  narrow  ribbons  also  cut- 
ting under  it,  turning  it  backwards,  and  also 

■nushine  it  along.  ,       ■,    -j^ 

The  sand  and  cement  hoppers  are  placed  side 
by  side  on  one  end  of  the  mixing  trough,  and 
have  their  discharge  end  on  the  outside,  so  ttiat 
the  material  has  a  chance  to  travel  the  f^ 
length  of  the  trough.  In  the  bottom  of  each  hop- 
per is  a  solid-flight  screw  conveyor 

To  insure  that  the  same  amount  of  material 
will  be  dumped  at  each  revolution,  each  con- 
veyor, before  reaching  the  dump,  passes  under 
a  hood  which  allows  only  the  material  m  the 
screw  to  be  dumped.  The  danger  of  the  c^- 
veyor  being  empty  through  bndgmg  of  damp 
mJterial  across  the  hopper,  is  provided  against 
by  a  series  of  paddles  mounted  on  a  revolving 
shaft  over  each  conveyor.  As  these  revolve,  they 
constantly  agitate  the  material  and  press  it  down 

into  the  conveyor.  „„i,:„o  „* 

The  "Eclipse"  Mixer  is  a  rotary  machine  ot 

the  batch  type,  with  several  special  features. 
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The  revolving  steel  drum  is  surrounded  by  two 
gear  bands  provided  with  flare  for  wheels.  The 
driun  is  supported  by  two  iron  wheels  turning 
against  the  flare  of  these  bands,  and  is  revolved 
by  two  gear  wheels  on  one  shaft,  the  wheels 
meshing  into  the  gear  bands;  the  power  is  ap- 
plied to  the  shaft  upon  which  these  gear  wheels 
are  placed.  When  a  gasoline  engine  is  used,  a 
friction  clutch  is  placed  between  engine  and 
drum  so  that  the  mixer  can  be  started  and 
stopped  quickly. 

In  the  interior  of  the  drum  are  a  plow  and 
blades,  firmly  attached  to  the  drum  and  revolv- 
ing with  it.  The  plow  being  V-shaped  and 
placed  in  the  center,  throws  the  material  to  the 
sides,  where  it  is  acted  upon  by  the  blades  placed 
at  an  angle  so  that  the  material  is  thrown  back 
to  the  center,  and  here  it  is  again  divided  by  the 
plow  and  thrown  back  to  the  sides.  The  material 
in  this  way  is  combined  and  divided  several 
times  by  the  action  of  the  plow  and  blades,  as 
well  as  by  the  mixing  which  it  receives  by  the 
drum  revolving. 

The  drum  is  provided  with  a  chute  which  is 
kept  covered  by  a  door  that  is  operated  semi- 
automatically  by  moving  a  lever  at  either  end  of 
the  drum.  When  ready  to  discharge,  the  lever  is 
thrown,  drawing  the  door  back  across  the  wall 
of  the  drum,  so  that  the  material  is  lifted  by  this 
door  and  quickly  discharged  through  the  chute, 
either  in  wheelbarrow  loads  or  all  at  the  same 
time.   The  door  is  then  thrown  back  by  the  lever 
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Operating  it,  so  that  the  chute  is  covered,  when 
the  drum  is  ready  to  receive  another  batch. 
Charging  is  done  from  a  low  platform,  the  mate- 
rial being  drawn  into  the  center  by  the  charging 
blades  as  the  drum  revolves. 

The  Chain  Belt  Mixer  is  another  example  of  a 
rotary  batch  mixer.  The  ends  of  the  drum  are 
so  shaped  as  to  project  the  material  toward  the 
center;  and  on  the  discharge  side  the  end  of  the 
drum  is  enlarged  to  facilitate  rapid  and  complete 
delivery  of  material.  There  are  interior  blades 
and  buckets  specially  designed  to  prevent 
pocketing.  Mixing  is  effected  by  means  of  a 
swirling  movement  caused  by  the  spirally  in- 
clined flights  and  elevator  buckets,  and 
facilitated  by  what  may  be  described  as  a 
"cascade"  action  from  the  shield  of  the  dis- 
charge spout.  This  spout  is  stationary,  and  con- 
nected with  the  interior  by  means  of  a  tilting 
shield,  delivery  being  effected  by  a  simple  lever 
movement  which  may  be  operated  by  the  man 
behind  the  wheelbarrow. 

The  main  drive  consists  of  sprocket  teeth  seg- 
ments and  a  steel  thimble  roller  chain  belt  with 
case-hardened  bushings  and  pins.  The  chain 
engages  the  center  of  the  drum  and  allows  it  to 
float  upon  the  track  wheels. 

A  power  loader  is  provided,  which  is  filled  at 
ground  level  and  will  take  in  a  full  batch.  This 
loader  is  raised  and  lowered  by  means  of  wire 
cable  and  a  grooved  pulley  suspended  from  a 
steel  arm  extending  above  the  machine;  and  the 
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mechanism  is  operated  by  a  simple  friction  hoist 
thrown  into  action  by  a  lever. 

Water  from  an  adjustably  regulated  supply 
tank  is  drawn  into  the  drmn  as  the  loader  is 
discharged. 

In  the  ** Chicago"  Mixer,  the  rotating  drum, 
resting  on  roller  bearings,  is  operated  by  a  single 
central  ring  gear,  and  discharges  by  means  of  a 
simple  scoop  claimed  to  require  but  a  few  pounds 
pressure  in  its  operation.  Charging  may  be  done 
from  wheelbarrows  under  all  conditions;  but,  if 
desired,  an  automatic  charging  elevator  is  pro- 
vided, which  is  loaded  at  ground  level  and 
handles  a  full  batch  at  a  time. 

The  Hayden  Mixer  is  an  automatically  meas- 
uring, continuous  machine.  The  drum — which 
is  cylindrical  in  form,  mounted  horizontally,  and 
has  a  hinged  door  on  one  side  that  may  be 
opened  for  inspection  of  the  interior — does  not 
revolve.  Mixing  is  effected  by  a  series  of  steel 
blades  rapidly  revolving  inside  the  drum,  which 
cut,  stir,  and  throw  the  material,  and,  by  their 
spiral  action,  force  it  out  at  the  discharge  end. 
The  water  supply  is  controlled  by  a  valve  on  a 
pipe  (with  sprayer)  extending  from  the  feed- 
tank down  into  the  drmn.  The  automatic  meas- 
uring is  done  by  feed- worms  or  screws.  Imme- 
diately below,  and  connected  with  the  hoppers^ 
are  two  feed-channels  of  cast  iron,  evenly  fitting 
the  feed-worms.  These  channels  extend  into  the 
drum-head,  tight-fitted,  so  that  no  leakage  is  pos- 
sible.   The  sand  worm  is  driven  by  gear  wheels, 
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and  the  cement  worm  by  compound  sprockets. 
Change  of  proportion  is  made  by  changing  the 
sprocket  wheel  on  the  cement  side. 

The  *' Standard"  Continuous  Mixer  is  also 
an  automatically  measuring  machine.  It  is  extra 
heavy,  being  built  for  large  capacity  and  to  meet 
the  wants  of  large  contractors.  It  is  supplied 
with  a  three-department  feed-hopper,  and  ad- 
justments are  claimed  to  be  easily  and  quickly 
made. 

"Little  Giant"  Mixers  are  built  both  for  hand 
and  power  driving.  They  are  of  the  continuous 
type,  but  wiU  handle  batches.  In  the  large 
three-hopper  machine,  the  proportioning  of  ma- 
terials is  automatic.  At  the  bottom  of  the  hop- 
per is  a  rubber  belt  passing  over  pulleys.  When 
the  power  is  thrown  on  by  a  lever,  this  belt  acts 
as  a  conveyor,  drawing  out  the  respective  mate- 
rials through  orifices  provided  with  adjustable 
gates  graduated  to  show  the  surface  inches  of  the 
openings  when  set  at  any  given  point.  By  regu- 
lation of  these  gates  the  exact  proportions  re- 
quired can  be  obtained  and  varied  at  will. 

The  hoppers  are  equipped  with  rotary  cork- 
screw agitators  designed  to  prevent  bridging, 
which  force  the  materials  toward  the  gates.  The 
conveyor  belt  delivers  the  ingredients  to  the  mix- 
ing drum  in  constantly  flowing  streams.  On  the 
interior  siu*face  of  the  revolving  drum  are  longi- 
kidinal  ribs  by  means  of  which  the  materials 
are  tumbled  over  and  over  while  still  dry  as  the 
drum  rotates,  graduallv  approaching  the  dis- 
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charge  end.  When  within  fifteen  inches  of  the 
lower  end,  a  sprinkling  device  wets  to  any  con- 
sistency desired,  the  flow  of  water  in  greater  or 
less  amount  being  regulated  by  a  thumb-screw; 
The  valve  opens  to  its  full  capacity  as  set,  by 
the  use  of  l  lever  under  the  direct  control  of  the 
man  who  feeds  the  cement,  and  can  be  closed  in 
the  same  manner. 

The  *' Simplex"  Mixer  is  a  continuous  auto- 
matically measuring  machine  in  which  the 
pocket  system  of  feeding  is  done  away  with,  and 
the  dry  materials  are  fed  in  a  continuous  stream. 
The  cylindrical  mixing  drum  is  mounted  at  an 
incline,  the  dry  materials  entering  simultane- 
ously at  the  upper  end,  from  the  hoppers, 
through  the  proportioner.  Blades  attached  to 
the  interior  of  the  drum  and  running  parallel  to 
its  axis,  assist  in  mixing  as  the  drum  rotates.  By 
gravity  the  materials  are  carried  down  to  the 
lower  end  of  the  cylinder,  where  they  come  under 
the  action  of  a  set  of  blades  attached  to  a  shaft 
which  revolves  at  a  higher  speed  than  the  cylin- 
der itself.  Here  the  water  is  admitted  in  any 
quantity  desired,  being  controlled  by  a  valve  on 
the  pipe  leading  from  the  supply  tank  to  the 
inside  of  the  drum;  and  the  final  mixing  takes 
place. 

The  "Perfection"  Mixer  is  a  machine  of  the 
continuous  type;  but,  by  stopping  the  feed  and 
allowing  the  mixing  paddles  to  continue  in  opera- 
tion, material  can  be  handled  in  batches.  The 
dry  marterials  are  fed  from  separate  hoppers  in 
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quantities  automatically  proportioned  for  any 
desired  mixture.  Water  is  fed  through  a  perfo- 
rated pipe,  the  supply  being  controlled  by  means 
of  a  sensitive  gate-valve.  The  mixing  paddles 
are  slipped  in  succession  onto  a  removable  square 
shaft  running  lengthwise  of  the  mixing  trough. 
They  are  double-ended;  and,  as  the  shaft  re- 
volves, one  end  turns  the  material  over  and 
throws  it  forward,  while  the  other  end  turns  and 
throws  it  back  half-way,  this  operation  being  re- 
peated about  thirty-five  times  before  the  ma- 
terial leaves  the  mixer. 

In  the  ''Crescent"  Mixer — a  machine  of  the 
continuous  type — the  materials  are  automatic- 
ally proportioned  by  an  ingenious  device  in  the 
shape  of  a  spool  having  concave  apartments, 
which  is  adjustable  so  as  to  give  any  desired 
mixture.  To  obviate  all  danger  of  damage  to 
the  mechanism  in  case  a  very  large  piece  of  ma- 
terial— as,  for  example,  a  stone — should  get  into 
the  sand  hopper  or  cement  hopper,  the  propor- 
tioners  are  provided  with  a  *' slip-sleeve"  ar- 
rangement on  the  shaft  between  the  boxing;  and 
if  the  large  piece  is  not  ejected  through  the 
** safety-gate,"  the  proportioner  will  stop.  The 
same  result  will  occur  if  there  is  excess  friction 
in  the  mixing  trough. 

The  ''Common  Sense"  Mixer  is  another  con- 
tinuous machine  in  which  the  entire  process  of 
measuring,  dry  mixing,  wetting,  wet  mixing, 
and  discharging  is  automatic.  The  feeding  de- 
vice is  similar  in  its  operation  to  that  employed 
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in  the  "Kent"  mixer  described  above,  consist- 
ing simply  of  a  flat  plate  forming  the  bottom  of 
the  hopper,  which  plate,  as  it  moves  back  and 
forth  side  wise,  removes  successive  layers  of  ma- 
terial from  the  bottom  of  the  hopper  contents 
aaid  drops  them  into  the  mixing  trough.  The 
thickness  of  these  layers  depends  on  the  height 
of  the  discharge  opening,  which  is  set  to  regu- 
late the  proportions  of  the  material  being  fed  to 
the  mixing  trough.  The  hopper  walls  are  con- 
structed with  little  slope — practically  perpen- 
dicular— so  that  the  natural  action  of  gravity  in 
the  feeding  process  is  not  interfered  with  by  the 
tendency  of  damp  material  to  bridge  across  the 
hopper.  The  mixing  apparatus  is  of  the  single- 
shaft,  pug-mill  type,  the  paddles  being  narrow 
and  sufficiently  numerous  to  chop,  stir,  and  turn 
the  materials  thoroughly,  both  before  and  after 
the  water  is  added. 

In  the  "Cropp"  Mixer— a  batch  machine— 
the  drum  is  rotated  by  gearing  which  meshes 
with  the  teeth  on  two  circumferential  racks  on 
the  drum.  Charging  is  done  at  the  base  of  the 
drum,  instead  of  above  its  center.  In  the  interior 
of  the  drum,  in  the  center,  is  a  V-shaped  plow; 
and  fastened  to  the  sides  of  the  drum  are  blades 
mounted  at  an  angle,  which  throw  back  toward 
the  center  the  material  cast  upon  them  by  the 
central  V-shaped  plow.  The  discharge  chute, 
during  the  mixing  process,  is  covered  by  a  door 
concrolled  by  a  lever  on  the  outside  of  the  drum. 
By  throwing  the  lever,  the  door  is  drawn  back 
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across  the  plate  on  the  wall  of  the  drum,  so  that 
the  material  is  lifted  by  the  door  and  discharged 
into  the  chute. 

The  * 'Illinois"  Mixer  is  essentially  a  batc^. 
machine,  but  has  some  features  of  the  continu- 
ous type.  It  is  described  by  its  proprietors  as  a 
*' continuous  automatic  batch  mixer."  The  ce- 
ment and  aggregates,  in  properly  measured 
quantities,  are  shoveled  into  a  hopper  operated 
by  a  crank  piston;  this  hopper  hoists  and  auto- 
matically dumps  them  into  the  mixer  proper, 
where  they  are  cut  and  turned  and  mixed  by 
rapidly  revolving  pugger  flukes,  which  run  con- 
tinuously and  which  push  the  material  along  to 
the  discharge. 

Hand- Operated  Mixers.  Where  a  builder's 
or  contractor's  business  is  hardly  of  sufficient 
volume  to  warrant  the  expenditure  necessary 
for  an  engine-driven  mixer,  a  comparatively  in- 
expensive hand-power  mixer  may  be  obtained. 
There  are  several  types  of  these  on  the  market — 
all,  naturally,  being  intended  for  batch  work. 

In  the  '^Multiplex  Mixer,"  the  long  cylindri- 
cal drum  is  mounted  horizontally,  and  has  a 
hinged  door  on  its  side,  the  full  length  of  the 
drum.  The  drum  revolves  on  roller  bearings, 
and  is  operated  by  means  of  a  sprocket  chain 
connecting  the  sprockets  cast  on  the  head  of  the 
drum  with  a  small  sprocket  wheel  driven  by 
large  and  small  pinions.  The  latter  are  set  on 
the  frame  with  adjustable  bearings  for  tighten- 
ing or  slackening  the  chain  as  the  occasion  may 
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require.  The  water  tank  is  raounted  in  an  ele- 
vated position  at  the  head  of  the  drum,  and  the 
supply  controlled  by  a  stop-cock,  the  water  being 
spread  over  the  contents  of  the  mixer  by  two 
perforated  pipes  connected  with  the  common 
pipe  outlet  to  the  tank.  One  end  of  the  mixer  is 
mounted  on  wheels,  while  on  the  opposite  end 
are  drop  handles.  By  this  arrangement  the  ma- 
chine can  be  readily  moved  like  a  wheelbarrow. 

In  the  * 'Baldwin"  Improved  Hand-Power 
Mixer,  the  hollow  cylindrical  drum  is  mounted 
diagonally  on  its  axis  of  revolution,  being  op- 
erated by  a  large  rack  and  small  hand-turned 
pinion. 

Among  other  important  types  of  mixers  on 
the  market,  are  the  ''Coltrin;"  the  ''Gauntt'* 
(combined  type);  the  *' Systematic;"  the  **01- 
sen"  Batch;  and  the  ''Marsh -Dexter." 

Concrete  Material  Washers.  Special  ma- 
chines are  built  for  the  washing  of  sand,  gravel, 
and  crushed  stone.  They  operate  somewhat 
after  the  manner  of  mixing  machines,  by  agitat- 
ing the  material  in  an  excess  of  water.  In  the 
^'Stocker"  Washer,  which  is  power-driven,  the 
agitator  revolves  in  a  horizontally  mounted 
cylindrical  tank. 

A  concrete  mixer  may  be  used  for  washing 
sand  and  other  aggregates.  The  mixer,  in  such 
a  case,  is  simply  charged  with  the  material,  and 
then  water  is  turned  in  until  it  overflows  at  tl*^ 
discharge.    The  machine  is  then  set  in  operation, 
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and  the  supply  of  water  kept  up,  the  impurities 
being  carried  off  in  the  overflow. 

ENGINES,  HOISTS,  AND  ELEVATORS 

All  the  common  types  of  power  driving — 
steam,  gasoline,  electricity — are  adaptable  to  the 
operation  of  concreting  machinery.  In  the  ma- 
jority of  cases,  however,  steam  engines  or  gaso- 
line engines  are  employed  as  the  sources  of  mov- 


ing. 21.    '  'Eureka' '  Single  Friction  Drum  Hoist. 

ing  power.  As  the  detailed  description  of  these 
necessary  adjuncts  in  building  operations  be- 
longs to  the  field  of  Mechanical  rather  than  Con- 
structional Engineering,  we  shall  here  merely 
illustrate  a  few  typical  examples  of  installa- 
tions such  as  are  found  in  large  concreting  op- 
erations. 
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In  Plate  13  (at  the  left)  is  shown  a  contract- 
or's steam  engine  ("Hough"  type)  equipped 
with  boiler  and  fittings  complete,  ratchets  and 
pawls,  double  winches,  foot-brakes,  etc.,  adapted 
for  hoisting  material,  elevator  running,  and 
other  building  operations,  pile-driving,  bridge 
and  dock  construction,  quarry  work,  etc.  In  the 
same  plate  (at  the  right)  is  shown  a  **Koehring" 
Engine  and  Hoist  Drum;  and  in  Fig.  21,  a  ''Eu- 
reka" Single  Friction  Drum  Hoist.  In  some 
cases,  hoists  are  adapted  to  double  platform  ele- 
vator work  in  which  one  platform  is  descending 
as  the  other  ascends,  in  addition  to  having  a 
drum  for  direct  hoist  work  run  independently 
of  the  cable  sheave  that  operates  the  elevator 
platform.  With  such  machines,  material  can 
be  raised  or  lowered  independently  of  the  ele- 
vator— an  important  feature  in  some  circum- 
stances. 

Fig.  22  is  a  diagram  illustrating  a  complete 
** Wallace"  Concreting  Equipment  operating 
outside  the  structure ;  other  installations  of  this 
same  type  are  adapted  to  inside  work.  The  in- 
stallation shown  in  the  figure  includes  a  power 
mixer  with  elevator  for  automatically  hoisting 
and  dumping  the  charging  bucket;  also  an  elec- 
trically operated  extension  hoist,  with  automatic 
tilting  skip  or  bucket  discharging  by  gravity  on 
the  different  floors  as  the  structure  rises.  The 
concrete  is  discharged  into  a  bin  having  a  gate 
operated  by  hand-lever  as  shown,  whereby  the 
supply  to  the  earts  or  wheelbarrows  is  con- 


rig.  22.     "Wallace"  Type  of  Concreting  Equipment. 

An  outside  installation — including  power  mixer,  electrically  opet- 
ated  hoist,  and  automatic  tilting  bucket  distributing  by  gravity. 
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"KOEHEING"   CONCRETE   HOIST    WITH   AUTOMATIC 
BUCKET-DUMPING  DEVICE. 


Plate  14 — Materials  and  Manufacture  of  Concrete. 


'GENERAL     PURPOSE"     CONCRETE 
MIXER. 


"U.   S.   STANDARD"   CEMENT 
BLOCK   MACHINE. 


'NEW  DEPARTURE"  FACEDOWN  CON- 
CRETE   BLOCK   MACHINE. 


'FAVORITE"     CEMENI 
BRICK  MACHINE. 


'WESTERN"    CEMENT    BRICK 
MACHINE. 


"KING"   CEMENT   BRICK 
MACHINE. 


"SMITH"     AUTOMATICALLY     DUMPING     CONCRETE 
HOIST  OPERATING  INSIDE  OF  BUILDING. 

Plate  15 — Materials  and  Manufacture  of  Concrete. 


"CARLEN'S   ECONOMY"    CEMENT    BRICK   MACHINE. 

Lower  view   shows   operation   of   removing  mould   frame   from   brick, 
which  lie  on  pallet  ready  to  be  removed. 
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'ACME"    ONE-MAN    BRICK   MACHINE. 


"PERFECT"  BRICK  MACHINE. 

BricTfs  are  moulded  face-down,  but  turned  face-up  on 
releasing.  Tamper  is  practically  balanced  by  spring,  and 
operated  by  foot;  bricks  removed  by  one  operation  of  lever. 


GROUPS  OF  CONCRETE  BLOCKS. 
With  modern  machines,  these  blocks  are  now  made  in  a 
great  variety  of  plain  and  ornamental  forms  adaptable  to  a 
very  wide  range  of  structural  details. 

Plate  17 — Materials  axd  Maxlfacture  of  Coxcrete. 


"BELLEVILLE"  CEMENT  BRICK  MACHINE. 
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trolled.  The  skip  automatically  rights  itself  on 
its  return. 

Installations  engaged  in  interior  work  in 
similar  operations  are  shown  in  Plates  14  and 
15.  In  the  ''Koehring"  plant  (Plate  14),  the 
bucket  is  hoisted  by  means  of  a  cable  from  an 
ordinary  hoisting  drum.  The  bail  of  the  bucket 
has  roller  guides,  which  guide  the  bucket  up  an 
I-beam  track.  When  the  bucket  has  reached  the 
point  where  it  is  desired  to  deliver  the  concrete, 
the  rollers  on  the  upper  framework  engage  the 
angle-iron  guide  on  the  bucket,  and  the  same  tilts 
automatically.  While  thus  tilting,  the  concrete 
is  discharged  into  the  bin,  which  is  provided  with 
a  gate  for  filling  wheelbarrows  or  carts.  When 
the  bucket  descends,  it  rights  itself  automatic- 
ally; and  when  it  has  reached  the  bottom  of  the 
track,  where  the  mixer  is  stationed,  it  reclines 
under  the  discharge  spout  of  the  mixer. 

The  track,  it  is  claimed,  is  self-supporting, 
and  can  be  erected  by  merely  guying  it  with 
ropes  or  guy  wires.  It  can  also  be  erected  along 
the  side  of  the  building  without  additional 
framework,  or  in  a  wood  frame  tower. 

A  similar  cycle  of  operations  is  automatic- 
ally performed  by  the  '* Smith"  equipment  illus- 
trated in  Plate  15.  In  this  case  the  elevator 
frame  must  either  be  fastened  to  the  structure 
or  encased  in  a  supporting  frame,  which  may  be 
built  of  scrap  lumber  or  other  cheap  material; 
also,  it  is  sometimes  necessary  to  guy  the  top 
jection  of  the  frame  into  place. 


290  CEMENT  CONSTEUCTION 

The  mechanical  aids  employed  in  the  han- 
dling and  depositing  of  wet  concrete,  the  con- 
veyance of  concrete  products  (such  as  blocks) 
to  and  from  curing  and  storage  rooms,  etc.,  in- 
clude a  large  number  of  special  devices  intended 


Fig.  23.    Automatic  End-Dump  Car. 

to  lighten  labor,  promote  efficiency,  and  lower 
cost — such  as  special  types  of  light  steel  wheel- 
barrows and  hand  carts,  self-dumping  steel 
buckets,  cars,  and  wagons;  sectional  rack  cars, 
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for  blocks;  etc.  Some  buckets  discharge  auto- 
matically by  tilting;  others,  by  "bottom  diunp- 
ing;"  while  some  of  the  latter  are  so  constructed 
that  their  discharge  may  be  controlled,  the  doors 
being  oj)ened  or  closed  under  load,  so  that  con- 
crete can  be  discharged  directly  from  the  buckets 
into  forms.  Some  cars  have  an  "end  dimap," 
as  in  the  example  illustrated  in  Fig.  23;  others, 
a  "two-way  rocker  dump,"  discharging  by  tilt- 
ing to  either  side ;  while  still  others  have  the  car 
body  mounted  on  a  sort  of  turnstile  on  the 
truck,  swinging  around  and  dumping  at  any 
point  in  a  complete  circle — an  "all-round 
dump." 

Special  cars  for  handUng  concrete  blocks, 
sills,  and  other  moulded  shapes  are  built  of 
ehannel  or  angle  steel,  with  removable  decks  so 
that  the  load  may  comprise  one,  two,  three,  or 
more  tiers. 

CONCRETE  BLOCK  MACHINES. 

Concrete  blocks  in  various  forms  are  coming 
to  be  recognized  more  and  more  as  an  important 
factor  in  building  construction.  There  are  com- 
paratively few  buildings  erected  to-day  into  the 
construction  of  which  concrete  moulded  shapes, 
in  some  form  or  other,  do  not  enter.  Even 
where  the  building  is  not  by  any  means  to  be 
classed  as  a  block  structure,  we  find  these  shapes 
commonly  used  in  certain  special  locations. 
Their  strength  and  fireproof  qualities,  their 
durability  imder  abrasion  and  severe  climatic 
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conditions,  theii*  adaptability  to  harmonious 
combination  with  other  structural  materials, 
together  with  their  cheapness  of  cost,  have  com- 
mended them  to  very  common  acceptance  for  use 
as  water-tables  and  belt-courses,  door  and  win- 
dow sills  and  lintels,  etc. — for  which  uses  they 
have  very  largely  supplanted  the  old-time  cut 
stone. 

In  ornamental  shapes  for  garden,  lawn,  and 
landscape  decoration;  as  columns,  capitals,  pilas- 
ters, brackets,  etc.,  for  the  exterior  and  interior 
embellishment  even  of  the  most  elaborate  struc- 
tures, they  are  also  coming  into  more  and  more 
extensive  use. 

The  question  of  their  complete  function  and 
limitations  in  building  construction,  as  in  the 
erection  of  houses  built  entirely  of  blocks,  is 
one  on  which  opinions  differ  considerably.  The 
once  common  complaint  of  dampness  and  con- 
sequent discomfort  and  unhealthfulness  as  char- 
acteristic of  the  block  structure,  had  its  basis  in 
the  imperfect  w^ork  that  marked  the  early,  un- 
fortunate attempts  at  this  form  of  construction. 
But  with  up-to-date,  improved  machinery  for 
making  blocks,  with  our  present  advanced 
knowledge  of  the  essential  requirements  in  pro- 
portioning and  mixing  ingredients  and  in  mould- 
ing and  curing,  and  with  modern  methods  avail- 
able for  rendering  all  concrete  work  as  truly 
damp-proof  and  waterproof  as  work  in  any 
other  material  can  possibly  be  made,  there  is  no 
longer  any  foundation  for  this  complaint. 
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Two-Piece  Wall 
Tied  with  Metal 


Regular  Hollow  Wall 
with  Water  Table 


4-inch  thick  Veneer  Block 
for  Frame  Building 


Fig.  24,    Typical  Examples  of  Concrete  Block  Wall  Construction. 


anoKT  JAMS 


Fig.  25.    Two  Methods  of  Hollow-Wall  Concrete  Block  Construction 

— ^Ferguson  System. 

Lower  figure  shows  a  veneer  wall. 
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There  is,  moreover,  no  doubt  that  with  the 
honest  avoidance  of  all  mere  attempts  at  imi- 
tation, with  the  use  of  appropriate  faces  and 
finishes,  with  due  consideration  of  the  possibili- 
ties of  pleasing  combination  with  other  mate- 
rials and  of  harmonious  adaptation  to  surround- 
ings in  the  selection  of  attractive  outlines  and 
color  schemes,  concrete  blocks  do  lend  them- 
selves admirably  to  truly  artistic  effects  in 
building  design. 

Blocks  may  be  made  solid  or  hollow.  Some 
typical  methods  of  using  them  in  house  building 
are  illustrated  in  Figs.  24  and  25.  In  wall  con- 
struction, solid  blocks  are  laid  in  single  courses 
for  veneering,  being  bonded  to  the  framework, 
the  interior  of  the  wall  being  furred,  lathed,  and 
plastered.  Where  the  wall  is  built  entirely  of 
concrete  blocks,  these,  if  solid,  are  laid  in  two 
courses,  with  an  intervening  air-space  for  insula- 
tion against  cold  and  dampness,  the  two  courses 
being  bonded  together  either  with  metal  ties  or 
by  the  use  of  bonding  headers  or  by  means  of 
concrete  lugs  on  the  blocks.  With  the  hol- 
low block,  on  the  other  hand,  the  insulating  air- 
space is  directly  provided  in  the  interior  of  the 
block  itself;  and  in  such  cases,  if  proper  care 
has  been  taken  in  the  manufacture  and  laying 
of  the  blocks,  or  in  the  use  of  a  reliable  water- 
proofing process,  or  in  both,  furring  and  lathing 
may  be  dispensed  with,  and  the  plaster  applied 
directly  to  the  inner  surface  of  the  wall. 

Hollow  blocks  are  sometimes  distinguished 
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as  one-piece  blocks  and  two-piece  blocks.   In  the 

"one-piece"  type,  the  air-space  represents  the 
void  that  was  occupied  by  the  core  around 
which  the  block  was  moulded.  In  the  "two- 
piece''  type,  the  insulating  dead  air-space  may 
be  obtained  by  embedding  pieces  of  metal  in  the 
block  itself  to  tie  together  the  outer  and  inner 
portions,  as  in  the  "Anchor"  block  illustrated 
in  Plate  24  (lower  right  figure);  or  it  may  be 
formed  through  the  shape  of  the  pieces  them- 
selves, which,  in  different  commercial  types  of 
blocks,  are  made  in  a  variety  of  forms  resem- 
bling more  or  less  closely  in  section  the  steel 
shapes  known  as  channels,  angles,  and  tees,  as 
in  the  "Ferguson,"  "Thomas,"  and  other  sys- 
tems (see  Fig.  25). 

Number  of  Blocks  Required.  In  estimating 
the  number  of  blocks  required,  the  simplest 
method  to  pursue  is  to  figure  out  the  superficial 
or  face  area  of  the  building.  First,  multiply  the 
length  around  the  building  (in  feet)  by  the 
height  of  the  wall  (also  in  feet) ;  let  us  call  this 
quantity  A.  Find  the  surface  of  gables  by 
multiplying  width  of  gable  by  its  height,  and 
dividing  by  2;  call  this  quantity  B.  Find  the 
surface  of  each  opening  by  multiplying  its  width 
by  its  height,  and  add  together  all  the  areas  of 
the  openings;  call  this  quantity  C.  Then  add 
together  the  quantities  A  and  B,  and  subtract 
from  their  sum  the  quantity  C.  The  result  will 
be  the  net  or  actual  face  surface  to  be  covered 
with  the  blocks  (in  square  feet).    Divide  this 
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by  100  by  simply  pointing  off  two  figures  at  the 
right,  and  this  will  give  the  number  of  squares 
of  100  feet  each  to  be  covered. 

Then  turn  to  Table  XX,  and  multiply  your 
number  of  squares  by  the  number  in  the  right- 
hand  column  opposite  the  size  of  block  to  be 
used.  The  result  will  be  the  number  of  blocks 
needed  for  the  building. 

For  example,  suppose  the  superficial  area 
to  be  covered  is  1,525  square  feet.  This  will 
be  15.25  squares  of  100  feet  each.  If  the  blocks 
are  to  be  8  by  8  by  16  inches,  find  this  size  in 
the  left-hand  column  of  the  table,  and  look  across 
to  the  right,  where  you  will  find  the  number  112. 
Then  112x15.25=1,708,  which  is  the  number  of 
blocks  required. 

Cost  of  Concrete  Blocks.  The  following  ex- 
ample of  cost  calculation  is  based  on  condi- 
tions that  may  be  regarded  as  approximately 
standard: 

The  facing  mixture  is  1  part  Portland  ce- 
ment to  2  parts  coarse,  sharp,  clean  sand;  and 
the  body  of  the  block  1  part  cement  to  2  parts 
sand  and  3  parts  gravel  or  broken  stone,  the 
gravel  or  broken  stone  to  range  in  size  from 
one-fourth  to  three-fourths  of  an  inch  in 
diameter. 

One  barrel  cement  contains  3%  cubic  feet. 

One  cubic  yard  contains  7%  barrels. 

One  cubic  yard  of  sand  and  3%  barrels  of 
cement  will  give  a  1:2  mixture  of  cement  and 
sand. 
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TABLE  XX 
Concrete  Block  Table 
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Size  of 
Block 

Solid  Blocks 

Hollow  Blocks 

No.  OF  Blocks 

43 
0) 

K 

a 
« 

No.  per 

bbl. 

Cement 

at  1:5 

u    . 

da 

!2;o 

■Sbq5 

No.  per 

bbl. 
Cement 
at  1:5 

PER  Square 
OP  100  Feet 

8  z    8  X  16 

73 

34 

48 

50 

49 

71 

112 

6  z  lO  X  16 

92 

27 

38 

67 

37 

71 

112 

8  X  12  X  16 

109 

22 

32 

80 

31 

44 

112 

4x   8x16 

S5 

68 

99 

24 

100 

144 

224 

4  X  10  X  16 

44 

54 

79 

82 

70 

109 

224 

4  X  12  X  16 

53 

44 

66 

39 

63 

01 

224 

8  X    4  X  16 

37 

68 

95 

112 

8  X    8  X  24 

112 

22 

31 

77 

32 

45 

75 

8  X  10  X  24 

140 

18 

25 

92 

25 

38 

75 

8  X  12  X  24 

166 

15 

21 

112 

21 

31 

75 

4  X    8  X  24 

54 

46 

65 

37 

66 

94 

150 

4  X  10  X  24 

67 

36 

52 

46 

52 

76 

150 

4  z  12  X  24 

79 

30 

44 

55 

44 

63 

150 

8z   4x24 

55 

44 

63 

.... 

75 

The  figures  given  in  the  above  table  for  the  weight 
of  hollow  blocks  and  the  number  produced  from  one 
barrel  of  cement,  can,  of  course,  be  taken  as  only  approxi- 
mate, since  the  size  of  the  air-space  in  different  blocks 
varies.  It  ranges  from  about  27  to  about  32  per  cent,  or 
averages  about  30  per  cent,  of  the  total  space  occupied 
by  the  block. 

One  cubic  yard  of  sand  and  gravel  and  II/2 
barrels  of  cement  will  give  a  1:5  concrete 
mixture. 

For  manufacturing  100  blocks  8  by  8  by  16 
inches  in  size,  there  are  needed  2.24  barrels  of 
cement,  0.68  cubic  yard  of  sand,  and  1.06  cubic 
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yards  of  gravel  or  broken  stone.  The  cost  of 
making  100  blocks  will  therefore  be  approxi- 
mately as  follows : 

2.24  bbls.  best  Portland  cement  @  $2.00  per  bbl.  =  $4.48 
0.68  cu.  yd.  sand  @  $1.00  per  cu.  yd.  ==     .68 

1.06  cu.  yds.  gravel  or  broken  stone  @  $1.50  per 

cu.  yd.  =   1.59 

Cost  of  labor  for  100  blocks  =   1.75 

Incidentals  for  safe  margin  per  100  blocks  =     .50 


Total  cost  of  100  blocks  8x8x16  in.  =$9.00 

The  above  figures  are  conservative  estimates 
of  cost  for  materials  and  labor.  They  may  vary 
to  a  greater  or  less  degree,  depending  on  the 
locality — distance  from  sources  of  supply,  local 
labor  conditions,  etc. 

Ordinarily  blocks  cost  less  than  common 
brick.  For  comparison  of  cost  with  brick  con- 
struction, the  following  figures  showing  the 
equivalent  number  of  brick  displaced  by  blocks 
of  various  sizes,  will  be  found  of  help: 

Equivalent 
SizB  OP  Block  No.  of  Beick 

WITH  MoRTAE  Joints  Displaced 

8x  8x16  in 14.22 

8x10x16  in 17.77 

8x12x16  in 21.33 

4x  8x16  in 7.11 

4x10x16  in 8.88 

4x12x16  in 10.66 

8x  4x16  in 7.11 

8x  8x24  in 21.33 
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8x10x24  in 26.66 

8x12x24  in 32.00 

4x  8x24  in 10.66 

4x10x24  in 13.33 

4x12x24  in 16.00 

8x  4x24  in 10.66 

Kinds  of  Block  Machines.  There  are  two 
general  types  into  which  concrete  block  ma- 
chines are  classified — namely,  vertical-faced 
machines  and  face-down  or  horizontal-faced  ma- 
chines. These  names  indicate  the  position  occu- 
pied by  the  face  of  the  block  during  the  moulding 
process.  In  the  * 'face-down"  or  "down-face" 
machines,  the  face-plate  forms  the  bottom  of  the 
mould;  in  the  other  type,  this  plate  is  held  in  a 
vertical  position.  The  face-down  machine  is 
the  more  easily  adapted  to  applying  specially 
treated  faces  to  blocks.  If  a  vertical  machine 
is  used,  the  special  facing  (consisting  simply  of 
rich  mortar,  which  may  be  colored,  water- 
proofed, etc.)  is  placed  while  the  mixture  form- 
ing the  body  of  the  block  is  kept  back  by  a  part- 
ing plate  or  other  device.  In  the  face-down 
machine,  the  facing  can  be  placed  directly  in 
the  bottom  of  the  mould,  and  the  coarser  body 
mixture  be  placed  above  it. 

Plate  17  shows  groups  of  solid  and  hollow 
blocks,  plain  and  with  differently  ornamented 
faces,  and  gives  some  indication  of  the  various 
structural  uses  to  which  these  shapes  may  be 
applied. 

Plates  18  and  19  illustrate  the  application 
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of  concrete  blocks  to  house  construction  and 
ornamentation.  The  use  of  blocks  in  the  con- 
struction of  silos,  chimneys,  smokestacks,  etc.,  is 
also  illustrated  in  various  plates. 

The  "Ideal"  Block  Machine,  illustrated  in 
Fig.  26,  is  of  the  face-down  type.    It  embodies 


Fig.  26.    "Ideal"  Concrete  Block  Machine. 

the  important  feature  of  horizontally  removable 
cores,  which  are  withdrawn  by  means  of  a  lever 
while  the  block  is  still  in  the  position  in  which 
it  was  made.  The  block  and  mould  are  then 
swung  outward  to  discharging  position,  being 
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turned  over  on  one  side,  when  the  face-  and  end- 
plates  are  released,  and  the  block  removed  on 
the  pallet.  With  this  machine,  fractional-sized 
blocks  in  every  inch  size  within  the  capacity 
of  the  machine  may  be  obtained — all  with  proper 
marginal  effect. 

The  ''Eclipse"  Block  Machine,  illustrated  in 
Plate  16  (at  the  left),  is  another  face-down  ma- 
chine with  adjustable  end-  and  face-plates  for 
making  various  sizes  of  solid  or  hollow  blocks, 
with  or  without  mortar-lock  ends.  Should  it 
be  desired  to  make  blocks  of  less  height  than 
those  for  which  the  machine  is  set,  this  can  be 
done  by  means  of  a  second  face-plate  placed  over 
the  original  or  separated  from  it  by  a  skeleton 
wood  block,  which  is  turned  out  with  the 
moulded  block.  Fractional  face-plates  can  also 
be  used  to  vary  the  face  treatment,  giving  angle 
blocks,  blocks  curved  at  various  radii,  etc. 

In  Plate  16  (at  the  right)  is  shown  a  hollow 
block  with  mortar-lock  ends,  ready  for  removal 
on  the  pallet  from  a  "Miles"  Block  Machine. 

The  **01iver"  Machine,  shown  in  Plate  20 
(upper  figure),  is  another  example  of  the  face- 
down type. 

The  ''Sanford"  Machine  (see  Plate  20,  lower 
figure)  is  a  face-down  hollow-block  machine  of 
what  is  known  as  the  ''pressure"  type.  The 
mould-box  is  adjustable  for  different  sizes,  and 
the  top  and  bottom  plates  are  interchangeable 
so  that  the  press  can  be  operated  either  way. 
The  cone-shaped,  rounded  cores  are  shoved  into 
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position  for  charging,  by  an  automatic  device 
that  is  placed  in  operation  when  the  doors  of 
the  mould-box  are  opened.  They  then  remain 
in  position  until  the  mould-box  is  closed  and 
filled  with  material,  and  the  pressure  applied, 
when  they  are  forced  down  to  the  center  of  the 
block  by  the  material  under  compression,  thus 
pressing  a  block  as  hard  below  as  above  the 
cores.  They  make  a  block,  it  is  claimed,  that 
is  **  arched  or  reinforced  from  every  point  to 
the  center,  at  the  same  time  coring  both  length- 
wise and  through  the  block.''  Their  roundness 
allows  the  material  under  compression  to  slide 
over  and  about  them,  thus  filling  the  voids.  The 
holes  in  the  apex  of  the  cores  remove  any  air 
in  the  center  of  the  moiild-box,  and  act  to  relieve 
any  vacuum  that  may  be  formed  in  opening  or 
removing  the  cores  when  the  block  is  finished. 
In  the  ''Rutherford"  Block  Machines  (see 
Plate  21,  upper  figure) — all  of  which  are  of  the 
face-down  type — we  find  a  number  of  appliances 
for  the  production  of  blocks,  either  smooth, 
rock-faced,  or  of  ornamental  design,  for  ordi- 
nary construction;  also  blocks  specially  adapted 
for  cellar  walls  or  large  buildings.  These  blocks 
may  be  tongued-and-grooved,  top  and  bottom, 
the  tongues  and  grooves  being  made  by  means 
of  slides,  which,  after  the  blocks  are  formed,  are 
easily  removed  from  the  machine.  Or  blocks 
may  also  be  made  with  a  half-round  recess  at 
each  end,  which  allows  the  blocks  to  be  placed 
close  to  each  other,  and  the  recess  can  be  filled 
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"BESSER"  POWER  CEMENT  DRAIN-TILE  MACHINE. 


"OLIVEE"    AUTOMATIC    FACE-DOWN    BLOCK 
MACHINE. 


"SANFOED"  FACE-DOWN  HOLLOW  BLOCK  PEESSUEE 
MACHINE, 

Plate  20 — Materials  and  Manufacture  of  Concrete. 


"LUCK"    SYSTEM    OF    MAKIXG    CONCRETE    FENCE- 
POSTS. 

Posts  may  be  moulded  anywhere.  They  are  poured  up- 
right from  very  wet  concrete,  and  are  cured  in  this  position. 
After  setting  of  concrete,  the  removable  pins  are  with- 
drawn, wire  staples  are  passed  through  the  holes  and 
clinched  at  rear,  or  other  means  of  fastening  fence  wire  may 
be  used.  '  Complete  mould  ready  for  filling  is  shown  at  a; 
b  and  d  show  the  two  mould-sections;  c.  M-shaped  rein- 
forcement; e,  post  with  wires  attached. 


"EUTHEEFOKD"  CONCRETE  BLOCK  MACHINE. 


"SINGER"       FACE -DOWN  "MONARCH"   FACE-DOWN 

CONCRETE    BLOCK  BRICK  MACHINE. 

MACHINE. 


Plate  21 — Materials  and  Manufacture  of  Concrete. 
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with  cement  or  mortar,  thus  making  the  wall 
impervious  to  wind  and  showing  a  joint  of  one- 
quarter  of  an  inch. 

The  mould-board  frame  on  which  the  face- 
plates are  fastened  has  longitudinal  slots  which 
permit  the  interchanging  of  the  plates,  so  as  to 
produce  a  great  variety  of  combinations. 

Different-sized  cores  may  be  used  when  de- 
sired; also  extra  cores  when  blocks  are  needed 
for  window-frames  or  sill-blocks  with  taper.  In 
some  of  these  machines  the  frame  has  a  slide 
movement  whereby  the  face-plate  is  removed 
from  the  block,  instead  of  the  block  being  drawn 
away  from  the  face-plate,  this  feature,  it  is 
claimed,  being  important  for  avoiding  cracks 
or  other  injuries  to  the  face  of  the  block. 

In  the  '*De  Armon-McKinney"  Block  Ma- 
chine, illustrated  in  Plate  22  (at  the  left),  we 
have  what  is  known  as  a  * 'double-pressure'- 
machine.  The  mechanical  principle  applied  is 
that  of  obtaining  pressure  from  a  toggle-joiut 
arrangement  operated  by  a  lever.  With  this 
device,  a  pressure  of  72,000  pounds  is  secured. 
This  enormous  pressure  is  applied  on  the  top 
and  bottom  of  the  block  at  the  same  time.  No 
hand  tamping  is  necessary. 

This  machine  is  also  of  the  face-down  type. 
The  facing  material  is  placed  in  the  moulding 
box,  covering  the  plate  about  one  inch  thick, 
after  which  the  grouting  is  filled  in  just  even 
with  the  top  of  the  moulding  box  and  stroked 
off,  thus  obtaining  a  uniform  amount  of  material 
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for  each  block.  The  power  lever  is  then  brought 
from  a  perpendicular  to  a  horizontal  position. 
The  end  doors  are  thrown  open  by  means  of  the 
latch  levers,  which  also  remove  the  end  cores. 
The  block  is  turned  one-fourth  over  by  throwing 
the  pallet  to  a  horizontal  position,  and  the  fin- 
ishing plate  is  then  removed  from  the  block  by 
the  use  of  a  lever  and  returned  to  the  proper 
position  for  the  next  block.  The  block  is  now 
resting  free  on  the  pallet  ready  to  be  removed 
to  the  drying  racks. 

Other  block  machines  illustrated  are  the 
**Singer'*  (Plate  21,  lower  left  figure)  and  the 
"Besser"  (Plate  22,  upper  right  figure). 

Under  the  name  of  the  Ferguson  System, 
we  find  a  large  number  of  patented  special  forms 
of  concrete  hollow-wall  construction,  two  of 
which  are  illustrated  in  Pig.  25.  The  blocks  are 
moulded  by  special  machines  controlled  by  the 
proprietors  of  this  system,  and  operating  under 
very  heavy  pressure — about  100,000  pounds — so 
that  tamping- is  done  away  with.  Air-space  for 
insulation  against  dampness  and  temperature 
changes,  is  provided  by  the  two-piece  block 
construction  and  the  various  shapes,  sizes,  and 
positions  of  the  webs  upon  them,  which  enable 
bonding  to  be  effected  by  means  of  header  bonds 
both  in  the  vertical  and  in  the  horizontal  laid  in 
the  cement  mortar,  and  yet  leave  the  air-space 
practically  continuous,  thereby  preventing  pas- 
sage of  water  by  capillary  attraction. 

The  **Somers**  Block  Machine  is  a  hand- 
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operated  pressure  machine  of  the  vertical-faced 
type,  the  blocks  being  made  face  out,  the  way 
they  are  to  stand  in  the  wall.  It  is  adjustable 
to  a  great  variety  of  sizes  and  styles  of  blocks. 
Power  is  applied  by  means  of  a  hand-lever, 
which  is  so  connected  that  a  pressure  of  150 
pounds  on  the  end  of  the  lever  exerts  a  pressure 
of  60,000  pounds  uniformly  over  the  contents  of 
the  mould-box.  No  tamping  is  necessary,  and 
the  block  is  automatically  and  instantly  released 
by  a  single  motion  of  the  machine  lever,  the 
hopper  being  raised,  core  extracted,  face-plates 
opened  outwardly  from  the  top,  and  the  block 
left  standing  on  the  pallet  in  position  to  be  set 
away 

The  "Hayden"  Automatic  Block  Machine  is 
of  the  face-down  type,  makes  one-piece  hollow 
blocks  with  large  air-spaces,  and  is  readily 
adjustable  to  different-sized  work. 

The  ''World  Beater"  Block  and  Brick  Ma- 
chine is  of  the  face-down  type,  and  is  adapted 
to  a  very  wide  range  of  work,  including  cored  or 
solid  cement  blocks  of  any  standard  size  or  frac- 
tional size,  in  various  angles,  shapes,  and  de- 
signs; cement  brick,  either  standard  or  fancy 
faced;  full  air-space  veneer  blocks;  water-tables, 
window-sills  and  caps,  cornices,  steps,  etc.,  up 
to  38  inches  in  length  and  any  thickness  from  2 
to  12  inches;  also  silo  blocks  for  silos  of  any 
radius,  etc.  The  placing  and  removing  of  cores 
and  the  releasing  of  blocks  and  moulds  are  done 
by  operating  a  foot-lever. 
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The  * 'Multiplex"  Block  Machine  is  another 
example  of  the  pressure  type,  the  mechanism 
being  such  that,  by  operation  of  the  lever,  enor- 
mous pressure  is  brought  to  bear  upon  the  con- 
tents of  the  mould-box,  equally  from  both  top 
and  bottom.  The  machines  have  interchange- 
able parts  and  have  a  wide  range  of  output,  such 
as  hollow  blocks,  cavity  and  header  bond  sys- 
tems, inside  partition  blocks,  cistern  and  silo 
blocks,  chimney  flue  blocks,  etc. 

The  **  Fisher' '  Hydraulic  Stone  Press  is  a 
machine  employing  hydraulic  power  and  de- 
signed especially  for  moulding  the  larger  shapes 
used  in  construction  work,  and  for  extensive 
operations.  The  complete  "Fisher"  equipment 
includes  a  multiple-plunger  vertical  pump;  ad- 
justable core  pressure-heads  for  making  ''angle 
stone"  and  other  stone  in  various  sizes  and 
shapes ;  chimnej^  block  and  pier  or  porch  column 
heads;  mould  boxes;  patterns;  fillers;  dividers; 
shapers,  etc.  The  press  exerts  a  tamping  pres- 
sure of  from  60  to  200  tons.  With  the  higher 
power,  it  is  claimed,  the  concrete  is  condensed 
evenly  from  center  to  surface  in  the  thickest 
stone,  from  28  to  33  per  cent,  absorption  being 
thus  reduced  to  a  minimum,  and  the  blocks  given 
great  density  and  strength. 

The  "X-L-ALL"  Cement  Tools  comprise  a 
large  and  varied  line  of  machines  and  mechani- 
cal appliances  and  devices  for  the  manufacture 
of  concrete  moulded  products,  including  column- 


Gazing  Globe  on  Concrete  FedestaL 

Globe  is  a  spherical  glass  mirror,  silvered  on  inside.  It  con- 
stantly reflects  the  changing  features  of  the  sky  and  surrounding 
landscape. 
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moulding  machines,  adjustable  cap  and  sill 
moulds,  coping  block  moulds,  etc. 

A  complete  enumeration  of  the  various  ma- 
chines on  the  market  would  make  a  long  list. 
Besides  those  alread}"  mentioned,  there  are  the 
*'Star;"  the  '^U.  S.  Standard;"  the  ''Diamond;" 
the  ''Monarch;"  the  "New  York;"  the  "Keller;" 
the  "Hercules;"  the  "Mogul  Invincible;"  the 
"Acme;"  the  "Dayton;"  and  others. 

The  Kerlin  Automatic  Post  Machine,  for 
making  fence-posts,  is  a  machine  of  rapid  output. 
It  is  equipped  with  two  metal  forms  in  which  the 
posts  are  moulded,  and  within  which  the  rein- 
forcing steel  is  placed.  While  one  form  is  being 
filled,  the  post  may  be  removed  from  the  other 
form.  An  elevating  device  automatically  hoists 
the  concrete  into  a  hopper,  from  which  it  is  fed 
to  the  two  forms  alternately. 

The  Barrer  Combination  Curb  and  Gutter 
Machine  is  an  ingenious  labor-saving  device  for 
use  in  the  construction  of  curbs  and  gutters.  It 
is  adjustable  to  meet  any  specifications  as  to 
height,  width,  and  batter.  The  equipment  in- 
cludes a  special  curved  tamp,  a  special  striker 
for  removing  superfluous  concrete  and  getting 
surface  into  shape,  besides  level  and  plumb  for 
setting  front  and  back  boards. 

CEMENT  BRICK  MACHINES 

Many  of  the  companies  manufacturing  con- 
crete block  machines  have  also  developed  special 
machines  for  the  making  of  cement  brick.    Some 
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of  these  machines  are  illustrated  in  Plates  21, 
22,  and  23. 

The  'Teerless"  Brick  Machine  (Plate  23) 
is  shown  with  its  load  of  ten  regular-sized  brick 
on  the  pallet,  ready  to  be  carried  away  for  rack- 
ing. The  brick  are  tamped  face  down,  and 
delivered  face  up.  The  machine  is  adapted  to 
a  great  variety  of  face  designs  by  the  insertion 
of  special  face-plates.  A  great  saving  of  time 
and  labor,  as  well  as  the  securing  of  uniformity 
in  the  product,  is  effected  by  means  of  the 
special  tamping  device  shown.  This  consists  of 
a  gang  of  heavy  metal  tampers  carried  on  a 
spring-balanced  frame,  which  can  be  readily 
lowered  to  the  work  and  operated  by  hand. 

Other  important  types  of  brick  machines  are 
the  "Perfect,"  the  "Favorite,"  the  "Western," 
etc. 

CEMENT  TILE  MACHINES 

Cement  tile  have  abundantly  demonstrated 
their  efficiency  and  durability  for  drainage  pur- 
poses. Their  permeability  is  a  feature  that  can 
be  controlled  by  the  manufacturer.  Tile  can 
be  made  porous  so  as  to  give  effective  drainage 
throughout  their  length;  or  they  can  be  made 
water-tight  so  as  to  admit  water  only  at  the 
joints,  like  ordinary  clay  tile.  If  properly  made 
of  well-selected  material,  they  grow  stronger 
with  age.  Concrete  sewer  pipe  laid  in  the  city 
of  Milwaukee,  Wisconsin,  were  found  intact 
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after  twenty  years  of  service ;  and  similar  results 
have  been  noted  in  London,  England,  where  con- 
crete pipe  and  tile  laid  underground  have  been 
found  in  perfect  condition  after  forty  years  of 
service.  In  many  cities,  concrete  sewers  are 
replacing  brick  sewers  on  account  of  the  more 
satisfactory  wearing  qualities  of  the  former. 
When  properly  cured,  cement  tile  will  withstand 
alternate  freezing  and  thawing  without  injury, 
even  when  partially  immersed  in  water.  In  the 
construction  of  a  county  ditch  near  Emmetsburg, 
Iowa,  nearly  a  mile  of  cement  tile  lay  stretched 
out  through  a  swamp  for  eighteen  months,  or 
through  two  winters,  before  placing  in  the  work. 
Some  of  these  tile  were  entirely  submerged, 
others  partially,  and  some  were  entirely  out  of 
water.  They  were  subjected  to  freezing  and 
thawing,  and  yet  remained  in  perfect  condition. 

On  account  of  their  thin  walls,  cement  pipe 
and  tile  are  not  so  easily  made  as  cement  blocks. 
Tile  machines,  however,  are  now  made  with  all 
the  skill  and  ingenuity  embodied  in  block  ma- 
chines, and  with  perfectly  efficient  adaptation 
to  their  purpose. 

Tile  are  made  with  different  types  of  joints — 
ordinary  butt  joints,  tongued-and-grooved  joints, 
and  bell-end  joints,  the  last-named  being  made 
either  "bell  up"  or  **bell  down." 

The  * 'Crescent'*  Cement  Tile  Machine,  of 
which  an  example  is  shown  in  Plate  24  (upper 
right  figure),  is  a  portable  outfit  capable  of  being 
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operated  by  one  man,  and  adapted  to  making  tile 
with  any  of  the  types  of  joint  mentioned,  simply 
by  altering  the  interchangeable  attachments. 
The  particular  machine  shown  is  intended  for 
making  "bell-end"  joints.  When  made  **up," 
the  regular  pallet  (shown  at  the  right)  is  used. 
When  making  the  bell  *'down,"  another  form 
of  pallet  (not  shown  in  the  figure)  is  used  for 
forming  the  socket.  The  main  parts  of  the 
machine  are  the  outer  casing  or  shell  (consisting 
of  two  hinged  parts),  and  the  inner,  mechanic- 
ally collapsible  core. 

Special  machines  are  also  made  for  the  manu- 
facture of  Y-sewer  pipe  and  T-sewer  pipe  and 
drain-tile  connections. 

In  the  type  of  machine  known  as  the  **Easy 
Mould,"  the  collapsible  core  used  in  the  larger 
sizes — for  20  to  40-inch  tile — consists  of  three 
parts  separately  removable. 

In  order  to  insure  the  uniform  density  so 
essential  throughout  all  portions  of  the  cement 
tile,  a  type  of  machine  has  been  developed,  hav- 
ing a  mechanical  device  called  a  packer  or 
packer  head,  which,  by  a  revolving  motion, 
forces  the  mixed  concrete  into  shape  within  the 
form  or  casing  provided  for  this  purpose.  Types 
of  such  machines  are  the  *'Schenk,"  the  * 'Bald- 
win," the  ''Miracle"  (Plate  24,  at  left),  and  the 
"Ferguson"  (Plate  25).  These  machines  are 
automatic,  and  their  capacity  is  from  3,000  to 
5,000  tile  per  day.    After  the  concrete  is  fed  to 
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the  machine — which  may  be  done  by  a  continu- 
ous mixer — the  only  hand  labor  required  is  in 
removing  the  casings  from  the  finished  tile, 
placing  the  latter  on  cars  or  trucks  to  be  carried 
away  to  be  cured,  and  replacing  the  empty  cas- 
ings on  the  moving  platform  which  automatic- 
ally brings  them  in  succession  under  the  packer 
head  to  repeat  the  process.  The  exact  quantity 
of  concrete  required  for  a  tile  is  automatically 
measured  and  dumped  by  an  elevator  device  into 
the  empty  casing  just  as  the  packer  starts  to 
build  it  up  into  the  shape  of  a  tile.  The  casings 
are  of  metal,  constructed  and  held  in  place  by 
a  lock  device,  which,  on  being  loosened,  releases 
the  finished  tile.  In  the  ' '  Schenk, "  '  *  Baldwin, ' ' 
and  *' Miracle"  machines,  the  moving  platform 
revolves  around  a  central  post,  by  successive 
steps.  In  the  *' Ferguson"  machine  (see  Plate 
25),  the  platform  moves  vertically  and  hori- 
zontally in  succession. 

The  packer  heads  in  these  machines  are  made 
in  two  parts,  each  with  a  different  motion.  One 
part,  revolving  much  more  rapidly  than  the 
other,  presses  the  soft  concrete  outwardly 
against  the  casing,  troweling  it  smooth  and 
tamping  and  packing  it  with  uniform  density. 
In  the  '' Schenk,"  ''Baldwin,"  and  ''Miracle" 
machines,  the  packer  rises  as  it  performs  its 
work;  in  the  "Ferguson"  machine,  the  same 
relative  motion  takes  place,  but  by  the  down- 
ward vertical  motion  of  the  platform,  which, 
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when  it  reaches  its  lowest  point,  shifts  auto- 
matically to  one  side  so  that  the  jacket,  with  its 
encased  tile,  may  be  carried  to  the  curing  room, 
where  the  jacket  may  at  once  be  removed  and 
returned  to  the  machine. 

Among  other  important  types  of  pipe  and  tUe 
machines  on  the  market,  are  the  **Besser,"  the 
**Sioux  City,"  and  the  "Hoosier." 

SHINGLE  MACHINES 

Cement  shingles  are  made  in  a  variety  of 
forms  named  in  some  cases  from  their  shape  (as 
* 'Diamond"),  in  other  cases  from  their  inven- 
tors (as  the  ^'Satterlee,"  the  *' Chamberlain," 
etc.).  Some  are  flat,  with  grooved  interlocking 
ends  or  sides;  the  "Chamberlain"  has  a  corru- 
gated surface,  with  double-grooved  interlocking 
sides;  the  **Satterlee"  has  tapering  ribs  extend- 
ing to  above  the  middle  of  the  shingle,  convex 
on  the  upper  side  and  concave  on  the  under  side, 
the  shingles  overlapping  to  the  middle  of  the 
next  lower  course  so  that  any  water  entering 
through  the  cracks  between  the  shingles  is  con- 
fined to  the  valley  between  the  ribs. 

Different  methods  of  laying  cement  shingles 
are  adopted.  In  come  cases  they  are  fastened 
by  means  of  nails  or  screws  driven  through  per- 
forations provided  for  the  purpose.  In  other 
cases,  small  pieces  of  asbestos  fabric  are  em- 
bedded in  the  shingles,  being  sufficiently  flexible 
to  allow  nails  to  be  driven  through  them  without 
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Fig.  27.    Laying  "Cham'berlain"  Concrete  Shingles. 

XTpper  figure  shows  closed  roof  construction;  lower  figure,  prepara- 
tion of  valley  for  open-roof  construction. 
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cracking  the  shingles.  And  in  other  cases,  as 
the  ''Chamberlain,"  each  shingle  is  provided 
with  a  copper  wire  embedded  near  the  lower 
end,  to  be  securely  wrapped  around  a  nail  driven 
in  a  cleat  or  in  the  roof  sheathing  (see  Fig.  27). 


Miscellaneous  Data 

Portland  Cement  Industry.  A  graphic  illus- 
tration of  the  remarkable  growth  of  the  Port- 
land Cement  Industry  in  the  United  States,  as 
compared  with  the  advances  made  in  other  in- 
dustrial lines,  is  given  in  the  accompanying  dia- 
gram (Fig.  28),  which  is  based  on  a  chart  pre- 
pared by  Mr.  John  Birkinbine,  of  the  Birkinbine 
Engineering  Offices,  Philadelphia.  The  curves 
also  afford  comparison  with  the  increase  in  popu- 
lation, monetary  circulation,  etc. 

Beginning  at  the  bottom  of  the  chart  with 
less  than  a  million  barrels  in  1890,  the  cement 
line  is  gradual  in  its  rise  until  1896,  when  its 
upward  tendency  becomes  pronounced,  advanc- 
ing with  such  rapidity  that  it  soon  crosses  that 
of  pig  iron,  extending  far  beyond  all  compara- 
tive lines,  and  finally  ending  in  the  great  total  of 
fifty  million  barrels  in  1908.  It  is  entirely 
unique  in  that  it  does  not  show  the  least  down- 
ward tendency  at  any  point,  a  record  no  other 
industry  has  made.    (See  also  page  12.) 

Mineral  Wool.  For  purposes  of  fireproofing, 
insulation  against  temperature  changes,  sound- 
proofing, etc.,  mineral  wool  is  a  material  of  con- 
struction that  has  come  into  extensive  use  in 
recent  years.  It  is  a  mineral  substance  of  a 
vitreous  nature,  in  physical  form  consisting  of 
a  mass  of  fine  fibers  of  irregular  thickness  inter- 
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Fig.    28.    Diagram    Showing    Bemarkable    Advance    of    Portland 

Cement  Manufacturing  Industry  as  Compared  with  Other 

Industrial  Features  of  the  United  States. 
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DE     ARMONMcKINNEY"     DOUBLE-  "QUEEN    CITY"    BRICK    MA- 

PRESSURE  BLOCK  MACHINE.  CHINE. 


Plate  22 — Materials  and  Manufactuke  of  Concrete. 
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"PEERLESS"   BRICK   MACHINE. 

Tampers   carried   on   spring  frame   lowered   and   operated  by 

hand. 

Plate  23 — Materials  and  Manufacture  of  Concrete. 
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lacing  one  another  in  every  direction  and  thus 
inclosing  innumerable  minute  air  cells.  Chemi- 
cally, it  is  a  silicate  of  magnesia,  lime,  alumina, 
potash  and  soda.  The  name  Silicate  Cotton  is 
sometimes  applied  to  it. 

Mineral  wool  is  manufactured  by  converting 
scoria  or  slag,  together  with  certain  rocks,  while 
in  a  melted  condition,  to  a  fibrous  state.  It  par- 
takes of  the  nature  of  glass  without  its  brittle- 
ness,  the  fibers  being  soft,  pliant,  and  inelastic. 
On  account  of  the  large  proportion  of  air  which 
it  holds  in  confinement,  it  possesses  a  remark- 
able power  of  resisting  the  transmission  of  heat 
and  cold,  and  hence  is  of  value  as  a  means  of 
frost-proofing  and  of  insulation  against  heat. 

Mineral  wool  is  non-combustible  and  prac- 
tically indestructible  by  heat;  hence  has  impor- 
tant value  as  a  fireproofing  material.  If  prop- 
erly placed,  it  goes  far  to  reduce  the  fire-risk  in 
buildings.  Even  when  constructed  chiefly  of 
wood,  a  building  may  be  made  to  biu'n  very 
slowly  by  the  use  of  mineral  wool.  Wire  lath 
and  expanded  metal  may  be  used  in  connection 
with  the  filling  of  mineral  wool  between  the 
studding  and  floor  joists. 

As  a  non-conductor  of  sound,  mineral  wool 
also  has  special  value,  and  hence  makes  a  very 
efficient  **deadener"  or  "deafener"  of  the  floors, 
walls,  and  partitions  of  buildings. 

Various  methods  of  applying  this  material  to 
construction  work  are  illustrated  in  Figs.  29,  30, 
and  31.    In  floors,  the  plan  which  gives  the  best 
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result  is  to  cover  the  joist  with  a  rough  floor, 
upon  which  lay  wood  strips  to  support  the  upper 
or  finished  floor.  These  strips  should  be  at  least 
a  quarter  of  an  inch  thicker  than  the  desired 


Fig.  30. 


Method  of  Using  Mineral  Wool  in  Floors  and  behind  Wire 
Lath  in  Walls. 


depth  of  wool.  The  mineral  wool  is  packed 
between  strips  before  the  upper  floor  is  laid. 
Another  plan  is  to  put  a  rough  sub-floor  between 
the  joists,  pack  in  the  wool,  and  lay  the  finished 
floor  upon  the  joists.    Both  modes  are  shown  in 
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the  accompanying  illustrations  (Figs.  29  and  30). 
If  strips  of  fireproof  asbestos  paper  are  put 
under  the  wood  strips  in  the  first  mode,  or  upon 
top  of  joist  in  second  plan,  it  will  help  to  prevent 
the  transmission  of  sound  through  the  wood- 
work. The  wool  should  not  be  trampled  upon 
after  being  put  in  place. 


Fig.  31.    Use  of  Mineral  Wool  for  Boof  Insulation. 

Placed  under  the  roof  boards  as  shown  at  A,  A,  A,  mineral  wool 
assists  greatly  in  rendering  upper  rooms  comfortable  in  summer 
or  winter. 


In  walls  and  partitions,  the  wool  should  be 
put  in  at  the  same  time  the  laths  are  being  put 
on.  Begin  lathing  at  the  floor,  with  either  wood 
or  wire  lath.  After  lathing  up  two  or  three  feet, 
fill  in  the  wool  as  high  as  lathed,  then  a  few  feet 
more  of  lath,  and  fill  up  as  before,  until  the  top 
is  reached  (see  Fig.  30). 

In  using  wool  for  insulation  or  deafening,  in 
connection  with  brick  walls  or  partitions,  fur- 
ring strips  can  be  used,  and  the  wool  packed  in 
two  inches  thick  behind  the  lath. 

In  roofs,  the  mineral  wool  can  be  packed  be- 
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tween  the  rafters  by  sheathing  underneath  them, 
beginning  at  the  eaves  and  working  toward  the 
ridge,  packing  in  the  wool  as  the  sheathing  is 
done.  A  minimum  thickness  of  two  inches  will 
be  found  very  effective  in  making  the  rooms 
comfortable  that  are  next  to  the  roof  (see  Fig. 
31). 

A  high  grade  of  mineral  wool,  combined 
with  degummed  flax  fiber  to  give  it  strength,  is 
manufactured  into  board  form  for  insulating 
purposes. 

The  well-known  fibrous  rock,  asbestos,  is  also 
manufactured  in  a  variety  of  forms  and  combi- 
nations with  other  materials,  for  similar  pur- 
poses; and  there  are  also  on  the  market  a  great 
number  of  special,  patented,  insulating  mate- 
rials in  board  and  fabric  forms  (Plaster  Board, 
Gypsinite,  etc.),  comprising  felt,  combinations 
of  felt  with  building  paper  or  plaster,  or  of 
wood  with  gypsum  products,  etc.  Figs.  30  and 
32  give  some  suggestions  as  to  the  manner  of 
using  various  insulating  materials  in  the  con- 
struction of  partition  walls. 

For  fireproofing  interior  walls,  veneering 
floors,  etc.,  a  form  of  concrete  known  as  pulp 
concrete  is  sometimes  used.  This  is  simply  con- 
crete in  which  wood  pulp  or  sawdust  is  used  as 
the  aggregate  mixed  with  the  sand  and  cement. 
This  form  of  concrete  is  never  employed  for  out- 
door work.  It  is  of  low  tensile  strength,  and  is 
much  lighter  than  ordinary  concrete.  On  ac- 
count of  its  elasticity,  combined  with  its  prac- 
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tically  non-absorbent  character,  it  is  especially 
used  as  a  floor  veneering  for  saloons,  markets, 
butcher  shops,  etc.  It  may  be  laid  without 
joints  in  a  continuous  layer  1%  inches  deep, 
upon  paper  spread  over  the  floor  that  is  being 
treated.  The  customary  proportions  for  mixing 
are  1  part  cement,  2  parts  sand,  and  2^  parts 
pulp  or  sawdust.  If  an  excess  of  pulp  is  used, 
the  concrete  becomes  absorbent. 


Fig.   33.    Forms   for  Casting      Fig-   34.    Pouring  Glass  Brick. 
Glass  Bricks.  Showing   also   method    of   wall 

construction. 

Glass  Brick.  A  combination  of  glass  and 
concrete  has  recently  been  developed  for  con- 
struction work,  in  the  shape  of  brick  consisting 
of  glass  moulded  into  various  hollow  shapes  and 
filled  with  concrete.  Forms  for  casting  these 
bricks  in  various  shapes  are  illustrated  in  Fig. 
33,  while  Fig.  34  shows  method  of  pouring  them 
full  of  concrete,  also  one  manner  of  laying  them 
in  wall  construction.  The  bricks  have  indented 
ends,  and  may  be  laid  up  with  narrow  mortar 
joints,  when  desired.  The  construction  is  said 
to  be  remarkably  free  from  tendency  to  open 
joints  from  settling,  and  is  also  claimed  to  be 
waterproof. 
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Prigite  is  a  crystalline  compound  dissolved  in 
the  water  for  mixing  concrete.  It  prevents 
freezing  under  any  temperatures  likely  to  be 
met  with,  and  is  claimed  to  allow  normal  setting 
and  hardening  during  freezing  weather,  and  to 
add  materially  to  the  strength  of  concrete. 

How  to  Make  Cement  Mortar  Adhere.  Some 
contractors  have  difficulty  in  causing  cement 
mortar  to  adhere  to  finished  cement  work,  and 
to  stone  and  brick  work.  To  do  this  properly, 
soak  the  surface  of  the  old  work  thoroughly 
with  water,  dust  on  a  little  neat  cement,  and 
follow  this  with  a  mortar  coat  before  the  dusted 
cement  has  set.  Or  apply  a  thick  paint  of  neat 
cement  and  water  to  the  old  work  after  the  work 
has  been  thoroughly  soaked;  this  paint  forms  a 
binder;  apply  mortar  coat  promptly,  before  the 
coating  of  neat  cement  paint  has  set. 

For  Ready  Reference.  The  following  miscel- 
laneous data  may  frequently  be  found  of  value 
for  ready  reference  in  solving  problems,  making 
estimates,  settling  disputed  questions,  etc.: 

1,728  cu.  in.  make  1  cu.  ft. 

27  cu.  ft.  make  1  cu.  yd. 

1  lb.=27.681  cu.  in.  of  distilled  water. 

A  gal.  of  water  at  62°  Fahrenheit  weighs 
8.3356  lbs. 

A  cu.  ft.  contains  7.4805  gals,  at  62°  Fahren- 
heit. 

To  find  the  diameter  of  a  circle,  multiply  cir- 
cumference by  .31831 
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To  find  circumference  of  a  circle,  multiply 
diameter  by  3.1416. 

To  find  area  of  a  circle,  multiply  square  of 
diameter  by  .7854;  or  multiply  radius  (one-half 
diameter)  by  circumference,  and  divide  product 
by  2  (see  Table  XXI). 

To  find  the  surface  of  a  ball,  multiply  square 
of  diameter  by  3.1416. 

To  find  side  of  a  square  approximately  equal 
in  area  to  a  given  circle,  multiply  diameter  by 
.8862. 

To  find  cubic  inches  in  a  ball,  multiply  cube 
of  diameter  by  .5236. 

Doubling  the  diameter  of  a  pipe  increases  its 
capacity  four  times. 

Double  riveting  is  from  16  to  20  per  cent 
stronger  than  single. 

A  concrete  block  8x8x16  in.  is  the  equivalent 
of  14  brick.    See  also  page  300. 

One  ton  of  coal  is  equivalent  to  two  cords 
of  wood  for  steam  purposes. 

There  are  nine  square  feet  of  heating  sur- 
face to  each  square  foot  of  grate  surface. 

A  cubic  foot  of  water  weighs  621/^  lbs. 

Each  nominal  horse-power  of  a  boiler  re- 
quires 30  to  35  lbs.  of  water  per  hour. 

To  sharpen  dull  files,  lay  them  in  diluted  sul- 
phuric acid  until  they  are  eaten  deep  enough. 

A  horse-power  is  equivalent  to  raising  33,000 
lbs.  one  ft.  per  minute,  or  550  lbs.  one  ft.  per 
second. 
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Dia- 
meter 

Area 

Diam- 
eter 

Area 

Diam- 
eter 

Area 

Diam- 
eter 

Area 

14 

0.0123 

10 

78.54 

30 

706.86 

65 

3318.3 

% 

0.0491 

10% 

86.59 

31 

754.76 

66 

3421.2 

at 

0.1104 

11 

95.03 

32 

804.24 

67 

3525.6 

% 

0.1963 

11  Va 

103.86 

33 

855.30 

68 

3631.6 

% 

0.3068 

12 

113.09 

34 

907.92 

69 

3739.2 

% 

0.4418 

12% 

122.71 

35 

962.11 

70 

3848.4 

% 

0.6013 

13 

132.73 

36 

1017.8 

71 

3959.2 

0.7854 

13% 

143.13 

37 

1075.2 

72 

4071.5 

1% 

0.9940 

14 

153.93 

38 

1134.1 

73 

4185.4 

1.227 

14% 

165.13 

39 

1194.5 

74 

4300.8 

1% 

1.484 

15 

176.71 

40 

1256.6 

75 

4417.8 

1% 

1.767 

15% 

188.69 

41 

1320.2 

76 

4536.4 

2.073 

16 

201.06 

42 

1385.4 

77 

4656.6 

]  % 

2.405 

16% 

213.82 

43 

1452.2 

78 

4778.3 

1% 

2.761 

17 

226.98 

44 

1520.5 

79 

4901.6 

2 

3.141 

17% 

240.52 

45 

1590.4 

80 

5026.5 

214 

3.976 

18 

254.46 

46 

1661.9 

81 

5153.0 

2y3 

4.908 

18% 

268.80 

47 

1734.9 

82 

5281.0 

2% 

5.939 

19 

283.52 

48 

1809.5 

83 

5410.6 

3 

7.068 

19% 

298.64 

49 

1885.7 

84 

5541.7 

3% 

8.295 

20 

314.16 

50 

1963.5 

85 

5674.5 

3V2 

9.621 

20% 

330.06 

51 

2042.8 

86 

5808.8 

3% 

11.044 

21 

346.36 

52 

2123.7 

87 

5944.6 

4 

12.566 

21% 

363.05 

53 

2206.1 

88 

6082.1 

4% 

15.904 

22 

380.13 

54 

2290.2 

89 

6221.1 

5 

19.635 

22% 

397.60 

55 

2375.8 

90 

6361.7 

51/2 

23.758 

23 

415.47 

56 

2463.0 

91 

6503.9 

(> 

28.274 

23% 

433.73 

57 

2551.7 

92 

6647.6 

6% 

33.183 

24 

452.39 

58 

2642.0 

93 

6792.9 

7 

38.484 

24% 

471.43 

59 

2733.9 

94 

6939.8 

7y2 

44.178 

25 

490.87 

60 

2827.4 

95 

7088.2 

8 

50.265 

26 

530.93 

61 

2922.4 

96 

7238.2 

8y2 

56.745 

27 

572.55 

62 

3019.0 

97 

7389.8 

9 

63.617 

28 

615.75 

63 

3117.2 

98 

7542.9 

9% 

70.882 

29 

660.52 

64 

3216.9 

99 

7697.7 

The  average  consumption  of  coal  for  steam 
boilers  is  12  lbs.  per  hour  for  each  sq.  ft.  of  grate 
surface. 

To  find  the  pressure  in  pounds  per  square 
inch  of  a  column  of  water,  multiply  the  height 
of  the  column  in  feet  by  .434. 

Steam  rising  from  water  at  its  boiling  point 
(212  degrees)  has  a  pressure  equal  to  the  atmos- 
phere (14.7  lbs.  to  the  square  inch). 

To  evaporate  one  cubic  foot  of  water  requires 
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the  consumption  of  7%  lbs.  of  ordinary  coal,  or 
about  1  lb.  of  coal  to  1  gallon  of  water. 

One-sixth  of  tensile  strength  of  plate,  multi- 
plied by  thickness  of  plate  and  divided  by  one- 
half  the  diameter  of  boiler,  gives  safe  working 
pressure  for  tubular  boilers.  For  marine  boil- 
ers add  20  per  cent  for  drilled  holes. 

No  plate  or  bars  of  either  steel  or  iron  should 
be  worked  at  a  black  or  blue  heat  (say  about 
500°);  the  material  will  stand  far  more  strain 
either  red  hot  or  cold,  while  at  an  intermediate 
point  great  risks  will  be  run,  and  possibly  strains 
produced  which  result  in  rupture  later  on. 

One  thousand  shingles,  laid  four  inches  to  the 
weather,  will  cover  one  hundred  square  feet  of 
surface,  and  five  lbs.  of  shingle  nails  will  fasten 
them  on. 

One-fifth  more  siding  and  flooring  is  needed 
than  the  number  of  square  feet  of  surface  to  be 
covered,  because  of  the  lap  in  siding  and  flooring. 

One  thousand  laths  will  cover  seventy  yards 
of  surface,  and  eleven  pounds  of  lath  nails  will 
nail  them  on. 

Eight  bushels  of  good  lime,  sixteen  bushels 
of  sand,  and  one  bushel  of  hair  will  make  enough 
good  mortar  to  plaster  100  square  yards. 

One  cord  of  stone,  three  bushels  of  lime,  and 
a  cubic  yard  of  sand  will  lay  one  hundred  cubic 
feet  of  wall. 

Cement  one  bushel,  and  sand  two  bushels, 
*  will  cover  3%  square  yards,  one  inch  thick;  4^/0 
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square  yards  %  inch  thick;  or  6%  square  yards 
%  inch  thick. 

One  bushel  of  cement  and  one  bushel  of  sand 
will  cover  214  square  yards  one  inch  thick;  3 
square  yards  %  inch  thick;  or  4^  square  yards 
%  inch  thick. 

One  bushel  of  anthracite  coal  weighs  from 
75  to  80  lbs.  One  bushel  of  bituminous  coal 
weighs  from  70  to  75  lbs.  One  bushel  of  coke 
weighs  32  lbs.  A  pound  of  anthracite  coal  con- 
tains 14,500  heat  units. 

To  find  approximately  the  amount  of  paint 
required  to  cover  a  given  surface,  divide  the 
number  of  square  feet  of  surface  by  200.  The 
result  will  be  the  number  of  gallons  of  liquid 
paint  required  to  give  two  coats.  Or  divide  by 
18,  and  the  result  will  be  the  number  of  pounds 
of  pure  ground  white  lead  required  to  give  three 
coats. 

Weight  of  Materials.  The  approximate 
weight  per  cubic  foot  of  materials  commonly 
used  in  construction  is  as  follows: 

Weight  Per 
Matbbiaij  Cubic   Foot 

METALS  Lbs. 

Bronze    552 

Copper   550 

Iron,  cast 450 

Iron,  wrought 480 

Lead 712 

Steel,  structural 490 
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TIMBER 

Lbs. 

Cedar 23 

Chestnut 41 

Cypress 29 

Fir 32 

Hemlock 25 

Oak,  white 50 

Pine,  white  24 

Pine,  yellow 35 

Spruce 25 

MASONRY 

Asphalt 130 

Blue  stone 160 

Brick  in  lime 120 

Brick  in  cement 130 

Cement,  Portland 90 

Concrete 150 

Gneiss 160 

Granite 165 

Gravel   120 

Limestone 170 

Marble   165 

Sandstone 145 

Slate   170 

Terra-Cotta 110 

Tile   115 

Weight  of  a  bag  of  natural  cement,  about 
94  lbs. 

Weight  of  a  bag  of  Portland  cement,  about 
941b«- 
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A  bbl.  of  natural  cement =3  bags,  and  weighs 
about  282  lbs. 

A   bbl.   of  Portland   cement=4  bags,   and 
weighs  about  380  lbs. 

A  cu.  ft.  of  loose  measured  broken  trap  stone 
weighs  about  90  lbs. 

A  cu.  ft.  of  broken  stone,  well  shaken  down, 
weighs  about  100  lbs. 

A  cu.  ft.  of  crusher-run  stone  weighs  about 
100  lbs. 

A  cu.  ft.  of  cinder  concrete  averages  110  lbs. 

A  cu.  ft.  of  conglomerate  concrete  averages 
130  lbs. 

A  cu.  ft.  of  gravel  concrete  averages  150  lbs. 

A  cu.   ft.   of  sandstone   concrete  averages 
148  lbs. 

A   cu.   ft.   of  sandstone   concrete   averages 
143  lbs. 

A  cu.  ft.  of  trap  concrete  averages  155  lbs. 

Loose,  imrammed  concrete  weighs  from  5  to 
25  per  cent  less  than  when  well  tamped. 

One  cubic  foot  of  anthracite  coal  weighs 
about  58  pounds. 

One  cubic  foot  of  bituminous  coal  weighs 
from  47  to  50  pounds. 


Specific  Gravity  of  Stone 


Trap,  Boston,  Mass 2.78 

Trap,  Duluth,  Minn 2.8  to  3.0 

Trap,  Jersey  City,  N.  J 3.03 

Trap,  Staten  Island,  N.  Y 2.86 

Gneiss,  Madison  Ave.,  N.  Y. .  .  2.92 

Granite,  New  London,  Conn. . .  2.66 

Granite,  Greenwich,  Conn....  2.84 

Granite,  Vlnalhaven,  Me 2.66 

Granite,  Qulncy,  Mass 2.66 

Granite,  Barre,  Vt 2.65 

Limestone,  Joliet,  111 2.56 

Limestone,  Qulncy,  IIL.2.51  to  2.57 


Limestone    (oolitic),    Bedford, 

Ind 2.25  to  2.45 

Limestone,  Marquette,  Mich..  2.34 
Limestone,  Glens  Falls.  N.  Y.  2.70 
Limestone,  Lake  Champlain, 

N.  Y 2.75 

Sandstone,  Portland,  Conn...  2.64 
Sandstone,  Haverstraw,  N.  Y.   2.13 

Sandstone,  Medina,  N.  Y 2.41 

Sandstone,  Potsdam,  N.  Y 2.60 

Sandstone  (grit),  Berea,  O. . .   2.12 
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Specific  Gravity  of  Common  Minerals  and  Bocks 

Limestone  2.35 — 2.87 

Magnetite,  Fe,Oi 4.9  — 5.2 

Marble 2.08 — 2.85 

Mica    2.75—8.1 

Mica  Schist   2.5  — 2.9 

Olivine    3.33—3.5 

Porphyry    2.5  — 2.6 

Pyrite,  FeSz 4.83—5.2 

Quartz,    SiOj 2.5  — 2.8 

Quartzite    2.6  — 2.7 

Sandstone   2.0  — 2.78 

Sandstone,  Medina  ....  2.4 

Sandstone,  Ohio 2.2 

Sandstone,  Slaty 1.82 

Shale   2.4  —2.8 

Slate    2.5  —2.8 

Sphalerite,    ZnS 3.9  —4.2 

Stlbnlte,    SbaSs 4.5  — 4.6 

Syenite    2.27—2.65 

Talc     2.56—2.8 

Trap    2.6  —3.0 

Table  XXII  shows  the  weights  of  aggregates 
of  varying  specific  gravity  and  having  different 
percentages  of  voids: 

TABLE  XXII 

Weights  of  Aggregates  of  Varying  Specific  Gravity  and  Percent- 
ages of  Voids 


Apatite  

2.92- 

-3.25 

Basalt 

3.01 

Calclte,    CaCO, 

2.5  - 

-2.73 

Casslterlte,   SnOj 

6.4  - 

-7.1 

Cerusite,    PbCOs 

6.46- 

-6.48 

Chalcopyrite,  CuPeS2.  . . 

4.1  - 

-4.3 

Coal,  anthracite    

1.3  - 

-1.84 

Coal,    bituminous 

1.2  - 

-1.5 

Diabase   

2.6  - 

-3.03 

Diorlte 

2.92 

Dolomite,  CaMg(C03)2. 

2.8  - 

-2.9 

Feldspar   

2.44- 

-2.78 

Felslte  

2.65 

Galena,  PbS 

7.25- 

-7.77 

Garnet    

3.15- 

-4.31 

Gneiss 

2.62- 

-2.92 

Granite 

2.55- 

-2.86 

Gypsum 

2.3  - 

-3.28 

Halite   (salt),  NaCl 

2.1  - 

-2.56 

Hematite,    FejOg 

4.5  - 

-5.3 

Hornblende 

3.05- 

-3.47 

Limonlte,  Fe«0«  (0H)8.. 

3.6  —4.0 

»fc 

sg. 

Weight  in  Pounds  per  Cu.  Yd,  when 

5>- 

lis 

L<  *"  O 

WgtH 

VOIDS  ARE 

30% 

36% 

40% 

45% 

50% 

1.0 

62.355 

1,684 

1,178 

1,094 

1,010 

926 

842 

2.0 

124.7 

3,367 

2,357 

2,187 

2,020 

1,852 

1,684 

2.1 

130.9 

3,536 

2,475 

2,298 

2,121 

1,945 

1,768 

2.2 

137.2 

3,702 

2,593 

2,408 

2,222 

2,037 

1,852 

2.3 

143.4 

3,872 

2,711 

2,517 

2,323 

2,130 

1,936 

2.4 

149.7 

4,041 

2,828 

2,626 

2,424 

2,222 

2,020 

2.5 

155.9 

4,209 

2,946 

2,736 

2,525 

2,315 

2,105 

2.6 

162.1 

4,377 

3,064 

2,845 

2,626 

2,408 

2,189 

2.7 

168.4 

4,543 

3,182 

2,955 

2,727 

2,500 

2,273 

2.8 

174.6 

4,714 

3,300 

3,064 

2,828 

2,593 

2,357 

2.9 

180.9 

4,882 

3,418 

3,174 

2,929 

2,685 

2,441 

3.0 

187.1 

5,051 

3,536 

3,283 

3,030 

2,778 

2.526 

3.1 

193.3 

5,219 

3,653 

3,392 

3,131 

2,871 

2,609 

3.2 

199.5 

5,388 

3,771 

3,502 

3,232 

2,963 

2,614 

3.3 

205.8 

5,556 

3,889 

3,611 

3,333 

3,056 

2,778 

3.4 

212.0 

5,724 

4,007 

3,721 

3,434 

3,148 

2,862 

3.5 

218.3 

5,893 

4,125 

3,830 

3,535 

3,241 

2,947 

Bearing  Power  of  Soils.  Table  XXIII  gives 
the  bearing  power  of  various  soils,  and  will  be 
found  of  use  in  calculations  for  footings,  foun- 
dations, etc. 
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TABLE  XXTTT 
Bearing  Power  of  Various  Soils 


Kind  of  Material 


Bearinq  Powkk 

IN  Tons 

PER  So.  Ft. 


Min. 


Max. 


Rock — the  hardest — in  thick  layers  of  native  bed. 

Rock  equal  to  best  ashlar  masonry 

Rock  equal  to  best  brick  masonry 

Rock  equal  to  poor  brick  masonry 

Clay  on  thick  beds,  always  dry 

Clay  on  thick  beds,  moderately  dry 

Clay,  soft 

Gravel  and  coarse  sand,  well  compacted 

Sand,  compacted  and  well  cemented 

Sand,  clean,  dry 

Quicksand,  alluvial  soils,  etc 


200 
25 
15 

5 

4 

2 

1 

8 

4 

2 

0.5 


30 

20 

10 

6 

4 

2 

10 

6 

4 

1 


Water.  Water  is  a  chemical  compound  of 
two  gases — ^hydrogen  and  oxygen — 2  volumes  of 
hydrogen  and  1  volume  of  oxygen,  or  2  parts  of 
hydrogen  and  16  parts  of  oxygen  by  weight.  It 
is  never  found  absolutely  pure  in  nature,  be- 
cause it  is  the  best  solvent  known  and  absorbs 
or  dissolves  impurities  from  the  air  and  soil. 
Water  boils  under  atmospheric  pressure  of  14.7 
lbs.  per  sq.  in.,  at  the  elevation  of  Chicago,  at 
212°  F.,  and  passes  off  as  steam.  Water  expands 
when  heated  so  that  its  greatest  density  is  at  a 
temperature  of  39.1°  F.  (4°  C),  when  it  weighs 
62.425  lbs.  per  cubic  foot  (7%  gallons).  Below 
39.1°  F.  to  freezing  point  (32°  F.  or  0°  C.)  its 
density  remains  practically  imchanged. 

Water  has  the  greatest  specific  heat  (capacity 
for  heat)  of  any  known  liquid  or  substance.  It 
is  incompressible  by  pressure,  but  expands  with 
heat  and  decreases  in  density;  that  is,  the  same 
weight  of  water  will  occupy  a  larger  volume  with 
increase  of  temperature. 

One  poimd  of  water  evaporated  to  steam  at 
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atmospheric  pressure,  requires  966.1  heat  units 
(B.  T.  U.). 

Water  increases  1,646  times  its  original  vol- 
ume on  conversion  to  steam  at  the  same  pres- 
sure. It  increases  suddenly  about  one-eighth 
its  volume  on  freezing,  exerting  tremendous 
force. 

One  gallon  (U.  S.  Standard)  of  water  at 
39.1°  P.  weighs  8  lbs.  %  oz.,  and  contains  231 
cu.  in. 

One  foot  of  water  column  at  39.1°  F.=:62.425 
lbs.  on  the  sq.  ft. ;  or  0.4335  lb.  on  the  sq.  in. ;  or 
0.0295  atmosphere,  or  0.8826  in.  of  mercury  at 
32°  F. 

One  atmosphere  equals  the  weight  of  a  watei 
column  1  in.  square  and  33.9  ft.  high. 

One  atmosphere  equals  the  weight  of  a  mer- 
cury column  29.92  in.  high. 

One  inch  of  mercury  column  at  32°  F.  equals 
1.133  ft.  of  water  column. 

To  find  the  pressure  in  pounds  per  square 
inch  of  a  column  of  water,  multiply  the  height 
of  the  column  in  feet  by  .434.  Approximately 
every  foot  of  elevation  is  equal  to  one-half  pound 
pressure  per  inch. 

Air.  Air  consists  of  a  mechanical  mixture 
of  gases,  principally  nitrogen  and  oxygen,  in 
the  ratio  of  20.7  volumes  of  the  former  to  79.3 
volumes  of  the  latter;  and  by  weight,  of  23  parts 
of  nitrogen  to  77  parts  of  oxygen.  Air  in  its 
natural  state  contains  small  quantities  of  other 
gases — CO2   (carbon  dioxide  or  carbonic  acid 
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METHODS  OF   FASTEXIXG 
FENCE  WIRE  TO  POST. 

Cut  at  left  shows  two  front 
views  (at  top)  and  two  rear 
views    ( at  bottom ) . 


"24"   CEMENT   BRICK   MACHINE 
Hand-operated.       Brick     made     ly- 
ing flat,  not  on  edge. 


"D.  &  A."  POST  MOULD  OUTFIT. 
Adapted  to  any  form  of  reinforcement  or  method  of  attaching  fence. 


FKONT  VIEW  OF  "FEEGUSON"  CEMENT  DKAIN-TILE 
MACHINE. 

Illustrating  packer  head  and  method  of  operation  of  table. 

Plate  25 — Materials  and  Manufacture  of  Concrete. 
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gas),  water  vapor,  ammonia,  argon,  helium,  etc. 

Air  is  compressible,  and  its  volmne  varies 
inversely  as  the  pressure  applied  at  uniform 
temperature.  It  also  increases  or  expands  upon 
heating  a  proportional  amoimt,  depending  upon 
the  temperature  to  which  it  is  heated. 

The  weight  of  dry  air  at  atmospheric  pres- 
sure (14.7  lbs.  per  sq.  in.)  is  0.0807  lb.  per  cubic 
foot. 

One  cubic  foot  of  air  raised  1°  F.  requires 
0.02056  heat  unit  (B.  T.  U.). 

One  cubic  foot  of  air  raised  from  0°  to  70°  F. 
requires  1.4392  heat  units  (B.  T.  U.). 

Steam.  Under  the  ordinary  atmospheric 
pressure  of  14.7  pounds  per  square  inch,  water 
boils  at  212°  F.,  passing  off  as  steam,  the  tem- 
perature at  which  it  boils  varying  with  a  vari- 
ation in  the  pressure.  Steam  is  perfectly  trans- 
parent, colorless,  dry,  and  wholly  invisible  ex- 
cept when  partially  condensed,  when  the  spray 
or  mist  makes  it  visible. 

Dry  steam  is  steam  not  containing  any  free 
moisture.  It  may  be  either  saturated  or  super- 
heated. 

Wet  steam  is  steam  containing  free  moisture 
in  the  form  of  spray  or  mist,  and  has  the  same 
temperature  as  dry  saturated  steam  of  the  same 
pressure. 

Saturated  steam  is  steam  in  its  normal  state, 
that  is,  steam  whose  temperature  is  that  due  to 
its  pressure;  by  which  is  meant  steam  at  the 
same  temperature  as  that  of  the  water  from 
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which  it  was  generated  and  upon  which  it  rests. 

Superheated  steam  is  steam  at  a  temperature 
above  that  due  to  its  pressure  after  leaving  the 
liquid  from  which  it  is  generated. 

A  British  thermal  imit  is  the  quantity  of 
heat  required  to  raise  one  pound  of  water  one 
degree  Fahrenheit. 

The  total  heat  of  the  water  is  the  number  of 
British  thermal  units  needed  to  raise  one  pound 
of  water  from  32°  F.  to  the  boiling  point,  under 
the  given  pressure. 

The  latent  heat  of  steam  is  the  number  of 
British  thermal  units  (965.7)  required  to  con- 
vert one  pound  of  water,  at  the  boiling  point,  into 
steam  of  the  same  temperature.  This  is  also  the 
unit  of  evaporation. 

The  total  heat  of  saturated  steam  is  the  num- 
ber of  heat  units  required  to  raise  a  pound  of 
water  from  32°  F.  to  the  boiling  point,  at  the 
given  pressure,  plus  the  number  required  to 
evaporate  the  water  at  that  temperature. 

The  specific  heat  of  steam  is  the  quantity  of 
heat  required  to  raise  the  temperature  of  one 
pound  of  steam  through  one  degree  of  tempera- 
ture. In  British  units  and  near  the  saturation 
temperature,  it  equals,  at  constant  pressure,  0.48. 

The  specific  gravity  of  steam  at  any  tem- 
perature and  pressure,  as  compared  with  air  of 
same  temperature  and  pressure,  is  approxi- 
nrntMy  0.622.  One  cubic  inch  of  water  evapo- 
rated into  steam  at  212°  F.  becomes  1,646  cubic 
inches — that  is,  nearly  one  cubic  foot. 
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Water  in  contact  with  saturated  steam  has 
the  same  temperature  as  the  steam  itself.  Water 
introduced  into  superheated  steam  will  be  vapor- 
ized until  the  steam  becomes  saturated,  and  its 
temperature  becomes  that  due  to  its  pressure. 
Cold  water,  or  water  at  a  lower  temperature  than 
that  of  the  steam,  introduced  into  saturated 
steam,  will  condense  some  of  it,  thus  lowering 
both  the  temperature  and  pressure  of  the  rest 
until  the  temperature  again  equals  that  due  to 
its  pressure. 

Heat.  Unit  of  heat  is  a  standard  or  term 
(B.  T.  U.,  British  Thermal  Unit)  for  measuring 
the  amount  of  heat  absorbed  or  emitted  during 
any  operation  by  any  body  or  substance.  It  is 
the  quantity  of  heat  required  to  raise  one  pound 
of  water  1°  in  temperatin-e,  Fahr.,  at  sea-level. 

Specific  heat  is  the  capacity  of  a  substance 
for  heat.  It  is  the  number  of  heat  units  neces- 
sary to  raise  the  temperature  of  the  body  1°  F. 

Latent  heat  is  the  heat  absorbed  daring 
evaporation,  or  it  is  the  heat  necessary  to  change 
water  at  212°  into  steam  at  that  temperature. 

Transmission  of  heat:  First,  by  radiation, 
that  is,  the  heated  body  giving  out  its  heat  in 
rays;  second,  by  convection,  the  heat  being  con- 
veyed from  the  heated  body  by  currents  or  flues, 
etc. ;  third,  by  conduction,  the  heat  passing  from 
the  heated  body  to  the  colder  one  when  in 
contact. 

A  unit  of  temperature  is  1°  F.,  or  Viso  part 
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of  distance  between  freezing  point,  32°,  and 
boiling  point,  212°,  on  Fahrenheit  scale. 

A  thermometer  is  an  instrument  for  indicat- 
ing the  intensity  (not  quantity)  of  heat.  The 
thermometer  scale  upon  which  the  intensity  of 
the  heat  is  indicated,  is  an  arbitrarily  chosen 
scale.  The  two  scales  in  most  general  use  are 
the  Fahrenheit  and  the  Centigrade. 

The  Fahrenheit  scale  is  used  most  generally 
in  domestic,  commercial,  and  industrial  fields. 
Its  lowest  point,  zero  (0°),  designates  the  lowest 
point  to  which  mercury  will  fall  in  a  tube  when 
surrounded  by  a  mixture  of  salt  and  ice.  The 
point  at  which  water  freezes — called  the  freez- 
ing point  (32°) — is  noted,  and  the  point  at 
which  water  boils  under  normal  conditions  is 
noted  as  212°;  the  distance  between  is  divided 
into  180  equal  divisions  called  degrees. 

The  Centigrade  scale  is  divided  into  100  equal 
divisions  called  degrees  between  the  freezing 
point  of  water  (0°)  and  its  boiling  point  (100°) 
under  normal  conditions.  These  points  and  di- 
visions are  calibrated  or  marked  upon  a  glass 
tube,  containing  mercury,  the  expansion  of 
which  by  the  heat  indicates  the  number  of 
degrees,  or  the  temperature. 

The  distance  from  32°  (freezing  point)  to 
212°  (boiling  point),  or  ISO''  Fahrenheit,  is  equal 
to  the  distance  0°  (freezing  point)  to  100°  (boil- 
ing point)  on  the  Centigrade  scale;  or  each  de- 
gree on  Fahrenheit  thermometeris  "^/iso  or  Vs) 
of  a  degree  on  the  Centigrade.     Therefore  to 
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convert  Fahrenheit  temperatures  to  Centigrade 
temperatures,  it  is  necessary  to  subtract  32  (de- 
grees), and  multiply  by  Vg-  To  convert  Centi- 
grade temperatin'es  to  Fahrenheit  temperatures 
multiply  by  Vs?  and  then  add  32  (degrees). 

Temp  C.=(Temp.  F.— 32°)V9. 
Temp.  F.=(Temp.  CxV5)+32°. 


TABLE  XXIV 
Heat  and  Power  Equivalents 


Unit 

EQnivALE>i  Value  in  Other  Units 

.746  K.  W.  liour. 

1,980,000  ft.-lbs. 

IH.  P. 

2,545  heat  units. 

273,740  K.  G.  M. 

per   hour= 

.175  lb.  carbon  oxidized  with  perfect  efficiency. 

2.64  lbs.  water  evaporated  from  and  at  212°  F. 

17.0  lbs.  water  raised  from  62°  F.  to  212°  F. 

746  Watts. 

.746  K.  W. 

33,000  ft.-lbs.  per  minute. 

550  ft.-lbs.  per  second. 

1 H.  P.- 

2,545  heat  units  per  hour. 

42.4  heat  units  per  minute. 

.707  heat  unit  per  second. 

.175  lb.  carbon  oxidized  per  hour. 

2.64  lbs.  water  evaporated  per  hour  from  and  at  212°  F. 

1.055  Watt  seconds.                   A  unit  of  heat  (British  thermal 

788  ft.-lbs.                                  unit)   Is  the  quantity  of  heat  re- 

1  Heat  Unit 

107.6  kilogram  meters           quired  to  raise  1  pound  of  water 

.000293  K.  W.  hour.               1°    ^^^^-   '"   temperature,   at  sea 

1    (B.  T.  U.)= 

.000393  H.  P.  hour.               l*^^'- 

.0000688  lb.  carbon  oxidized. 

.001036  lb.  water  evaporated  from  and  at  212°  F. 

1  Heat  Unit 

.122  Watt  per  sq.  Inch. 

per  SQ.  ft.  per 

.0176  K.  W.  per  sq.  foot. 

mlnute= 

.0236  H.  P.  per  sq.  foot. 

14,544  heat  units. 

1.11  lbs.  anthracite  coal  oxidized. 

1  lb.  carbon 

2.5  lbs.  dry  wood  oxidized. 

oxidized  with 

21  cubic  feet  illuminating  gas  oxidized. 

perfect       effl- 

4.26  K.  W,  hours. 

clency= 

5.71  H.  P.  hours. 

11,815,000  ft.-lbs. 

15  lbs.  water  evaporated  from  and  at  212°  F. 

.283  K.  W.  hour. 

1  lb.   water 

.379  H.  P.  hour. 

evaporated 

965.2  heat  units. 

from  an  d  a  t 

103,000  K.  G.  M. 

212°    F.= 

1,019,000  Joules. 

751,300  ft.-lbs. 

.0604  lb.  of  carbon  oxidized  perfectly. 
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ENGLISH  AND  METRIC  SYSTEMS 

English  Measures  of  Length 

12  Inches  =  1  foot  5%  yards  =  1  rod.  8  furlongs  =  1  sta.  mile. 

3  feet  =  1  yard.  40  rods  =  1  furlong.         3  miles  =  1  league. 

English  Square  Measure 

144  sq.  inches  =    1  sq.  foot.  30%  sq.  yards  =  1  sq.  rod. 

9  sq.  feet  =  1  sq.  yard.      ...  40  sq.  rods  =  1  rood. 


4  roods  =  1  acre. 
640  acres  =  1  sq. 


mile. 


English  Cubic  Measure 


1,728  cub.  in.  =  1  cub.  foot. 

27  cub.  ft.  =  1  cub.  yard. 

2,150.42  cub.  in.  =  1  standard  bushel. 

1  cubic  foot  =  about  %  of  a  bushel. 


128  cu.  ft.  =  1  cord  (wood). 
40  cub.  ft.  =  1  ton   (shpg.). 
268.8  cub.  in.  =  1  standard  gallon 


English  Measure  of  Heat  Quantities 

1  kilogram  caloric  =3.968  British  thermal  units  (B.  T.  U.). 

1  pound  caloric  =1.8  British  thermal  units  (B.  T.  U.). 

1  British  thermal  unit  (B.  T.  U.)=  0.555  pound  caloric. 
1  British  thermal  unit  (B.  T.  U.)=  0.252  kilogram  caloric. 

METRIC  SYSTEM 
Prefixes  of  Multiples  and  Suh-Multiples  of  Meter,  Liter,  and  Gram 

Deka  =      10  Deci    =0.1 


Hecto=    100 
Kilo  =1,000 

10  millimeters  =  1  centimeter. 

10  centimeters  =  1  decimeter. 

10  decimeters  =  1  meter. 


Centi  =  0.01 

Milli  =0.001 

10  meters  = 

10  dekameters  = 

10  hectometers: 


:  1  dekameter. 
1  hectometer 
:1  kilometer. 


centimeter  =  0.3937  in. 
decimeter  =  3.937  in.  =  0.328  ft. 
meter  =  39.27  in.  =  1.0936  yards 
dekameter  =  1.9884  rods, 
kilometer  =  0.62137  mile. 


METRIC  EQXHVALENTS 
Linear  Measure 

1  in.  =  2.54  centimeters  or  0.254  meter 
1  f  t.=  3.048  decimeters  or  0.3048  meter 
1  yard  =  0.9144  meter. 
1  rod  =  0.5029  dekameter. 
1  mile  =  1.6093  kilometers. 


Surface  or  SoLuare  Measure 


sq.  centimeter  =  0.1550  sq.  in.  1 

sq.  decimeter  =  0.1076  sq.  ft.  1 

sq.  meter  =  1.196   sq.  yds.  1 

are  =  3.954  sq.  rods.  1 

hektar  =  2.47  acres.  1 

sq.  kilometer  =  0.386  sq.  mile.  1 


sq.  inch  =  6.452  sq.  centimeters. 

sq.  foot  =  9.2903  sq.  decimeters. 

sq.  yard  =  0.8361  sq.  meter. 

sq.  rod  =  0.2529  are. 

sq.  acre  =  0.4047  hektar. 

sq.  mile  =  2.59  sq.  kilometers. 


Measure  of  Volume  and  Capacity 


1  cu.  centimeter  =  0.061  cu.  in.  1 

1  cu.  decimeter  =  0.0353  cu.  ft.  1 

1  cu.  met«r  )  _  f  1.308  cu.  yards.  1 

1  ster             J  ~  I    0.2759  cord.  1 

1    litp-f  0.908  quart  dry.  1 

1  liter—  ^  iQQQ'j  quarts  liq.  1 

1  dekaliter=  ( ^^i^Jg  ^pS°"  I 

1  hektoliter  =  2.8375  bushels.  1 


cu.  inch  =  16.39  cu.  centimeters, 
cu.  foot  =  28.317  cu.  decimeters, 
cu.  yard  =  0.7646  cu.  meter, 
cord  =  3.624  sters. 
quart  dry  =  1.101  liters, 
quart  liq.  =  0.9463  liter, 
gallon  =  0.3785  dekaliter, 
peck  =  0.881  dekaliter, 
bushel  =  0.3524  hektoliter. 


Weights 

1  gram  =  0.03527  ounce.  1  ounce  =  28.35  grams. 

1  kilogram  =  2.2046  lbs.  1  lb.  =  0.4536  kilogram. 

1  metric  ton  =  1.1023  English  tons  1  English  ton  =  0.9072  metric  ton. 
of  2,000  lbs. 
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Anti-Hydro 202 
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Aquabar    203 

Asbestos    325 

Aspdin,  Joseph 43 

Asphalt,  Action  of  Water  on  223 
Asphalt    Waterproofing 217 


Baldwin  Hand-Power  Mixer  285 

Baldwin  Tile  Machine 313 

Barrer  Curb  and  Gutter  Ma- 
chine       309 

Batch  Mixing 144,  152 

Bearing  Power  of  Soils....   334 

Besser  Block  Machine 306 
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Ceilings,  Fireproof 320 
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Compared       with       Other 

Building  Materials 3 

Composition   of 104 

Dawning  Age  of 1 

Development    of    Industry 

12,    318 

Durability  and  Strength  3,  118 
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Fineness    of 108 

Future  of  Concrete 23 

How  Much  to  Use 93,  96 

How    Shipped 58 

Keene  's    Cement 61 

Kinds  of 42 

Natural    Cement 42 

Normal  Consistency 109 

Portland  Cement 49 

Portland  Cement  Industry 

12,   318 

See    also    Portland    Ce- 
ment. 

Production  of 16.  318 

Puzzolan  Cement ...  12,  47,  48 

Boman  44 

Eosendale    44 

Setting    of..  112,  123,  125,  128 

Slag    Cement 48 

Specifications   for 123 

Specific  Gravity  of 105 
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Tensile  Strength  of 118 
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See    also    Concrete,    Mix- 
tures, and  Mixing. 
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Concrete    

Aggregates    61,  76 

Block  Construction 291 
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of  37 

Choice   of  Mixtures 133 

Density  of.... 65,  74,  102,  186 

Depositing  of 164,  181 

Derivation   of  Word 7 

Designing  in 185 

Durability.    Siee  Strength. 
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Future  of 23 

General  Working  Bules. . .  176 

Hardening  of 60 

History  of 5 

Hygienic  Value  of 22 

Ideal    Requirements 35 

Machinery     246 
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85,  93,  141,  162 

Mixing  of 133,  152,  259 

Placing.    See  Depositing. 

Proportioning   Ingredients  85 

Protecuon  of 168 

Pulp  Concrete 325 

Reinforced.       See    Rein- 
forced Concrete. 

Rubble  Concrete 79 
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Setting,  Initial  and  Final. 

60,  163 

Strength   

2,  65,  73,  76,  95,  186 

Tools  and  Machinery.  .155,  246 

Water  for 83 

Weight    of 189 

What  Concrete  Is 35 

See  also  Blocks,  Concrete; 
Cement;  Measuring ; 
Mixing ;  Mixtures ;  Re- 
inforced Concrete. 
Consistency,  Normal,  of  Ce- 
ment       109 

Consistency  of  Mixtures....  134 

Constancy  of  Volume 120 

Continuous  Mixing 152 

Cost 184,  298 

Cracks,   Hair 182 

Crazing    182 

Crescent   Mixer 282 

Crescent  Tile  Machine 312 

Cropp    Mixer 283 

Crushed  Stone.    See  Stone. 

Crushers    249 

Cube  Mixers 270 

Curb  and  Gutter  Machine. ..  309 


Damp-Proofing 190 

See  also  Waterproofing. 
Data  for  Ready  Reference.   327 

Dayton  Block  Machine 309 

Deadening  Floors,  Partitions, 

etc 318 

De   Armon-McKinney   Block 

Machine    305 

Definitions  of  Concrete  Terms  27 
Dehydratine   Compounds ....  232 

Density  of   Concrete 

65,  77,  102,  186 

Density  of  Mortar.. 73,  100,  130 

Depositing  of  Concrete 164 

Under  Water 181 

Designing  in  Concrete 185 

"Diamona"  Block  Machine  309 
"Diamond"  Water-Proofing  233 
Dictionary  of  Concrete  Terms     27 

Drain  Tile  Machines 311 

"Duck   Brand"    Weather- 
proof Colors 241 
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"Easy  Mould"  Tile  Machine  313 

"Eclipse"    Block    Machine.  303 

"Eclipse"  Mixer 276 

Efflorescence  184 

Egyptians,  Concrete  Used  by  6 

Elaterite   233 

Elevators       286 

Engines  for  Driving 286 

* '  Esco ' '  Waterproofing 237 

Estimating    for    Block    Con- 
struction     297 

Eureka  Drum  Hoist 287 

Eureka   Mixer 272 


"Favorite"  Brick  Machine.   311 

Ferguson  Block  System 306 

Ferguson   Hollow-Wall   Con- 
struction     295 

Ferguson  Tile  Machine 313 

Fineness   of   Cement 108 

Of  Sand 73 

Finishes    for    Concrete 240 

Fireproof   Aggregates 82 

Use  of  Asbestos 325 

Use  of  Mineral  Wool 318 

Fisher  Hydraulic  Stone  Press  308 
Floors,     Basement,     Water- 
proofing  209,  232 

Bridge,  Waterproofing.  . .  .  221 
For  Markets,  Shops,  etc. .  .  326 
Use  of  Mineral  Wool  in.  . .   318 
Foundation     Walls,     Water- 
proofing     209,  232 

Freezing,  Precautions  against  171 

Frigit3     327 

Frost,  Precautions  against..  171 


Gauntt  Mixer 285 

Gazing  Globe 310 

Gilsonite    218 

Glass    Brick 326 

Gbbe,   Gazing .^. 310 

Grading  of  Aggregates 65,  71 

Granite    77 

Gravel,  Cieaning 285 

SWection  of 76 

Grinders    249 

Gutter  and  Curb  Machine..  309 
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Gypsinite    325 

Gypsite,  Use  of 324 

Gypsum,  Use  of 56 

H 

Hair  Cracks 182 

Hand    Mixing 152 

Hardening  of  Concrete 60 

Eegulation    of 163 

Hayden  Block  Machine 307 

Hayden  Mixer 279 

Heat,  Properties  of 338,  339 

Heat  and  Power  Equivalents  341 

Hercules  Block  Machine ....  309 

History   of   Concrete 5 

Hoists    286 

Hollow- Wall  Construction . . .  294 

"Hoosier"  Tile  Machine...  315 

Hough  Steam  Engine 287 

' '  H.-W. ' '  Stone  Preservative  234 

Hydrated  Lime 205 

Hydratite    -. .-..-.^  207 

Hydraulic  Lime 41 

Hydrolithic   Cement 209 

Hydrostatic  Pressure 200,  329 

I 

"Ideal"  Block  Machine 302 

"Idealite"     234 

Ideal   Mixture 35 

"Ideal"   Water   -   Proofing 

Filler  211 

* '  Illinois ' '  Mixer 284 

Industry,  Cement 12,  318 

Insulation  against  Heat  and 

Cold  318 

"Insulite"  Water-Proofing.  234 
Involute  Curved  Drum  Mixer  271 
"Ironite"    234 

K 

Keene  's   Cement 61 

Keller  Block  Machine 309 

Kent   Mixer 274 

Kerlin  Automatic  Post  Ma- 
chine      309 

Kiln,   Rotary 53 

Koehring  Concreting  Plant.  289 

Engine  and  Hoist 287 

Mixer 268 
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Laitanee    184 

Laths,  Number  Kequired . . .  330 

Le   Ciiatelier  Apparatus ....  105 

Lime,    Common 38 

Lime,    Hydrated 205 

Lime,    Hydraulic 41 

Limestone 38,  51,  77 

"Liquid  Konkerit" 235 

' '  Little  Giant ' '  Mixer 280 

Loads,  Safe,  on  Concrete...  188 

M 

Machine   Mixing 152 

Machinery  for  Concrete  Work  246 

Marble 77 

Marl 51 

Marsh-Dexter    Mixer 285 

Masonry,  Weight  of 332 

Materials    and    Manufacture 

of  Concrete 1-342 

McKelvey  Mixer 267 

Measures    of   Length,   Area, 

Contents,   etc 342 

Measuring,  Automatic 

266,  272,  274,  276,  279 

Measuring   of  Ingredients. . 

85,  93,  141 

By  Wheelbarrows 162 

"Medusa"    Water    -   Proof 

Compound     212 

Metals,  Weight  of 331 

Metric    System 342 

Mica,  Effects  of 69 

Miles  Block  Machine 303 

Mineral  Rubber 233 

Mineral    Wool 318 

' '  Miracle ' '  Mixer 276 

' '  Miracle ' '  Tile  Machine ...   313 

Mixers,  Concrete 259 

Used  as  Washers 285 

Mixing  of  Concrete 133 

Batch  Mixing 152 

Continuous  Mixing 152 

Effect  of  Eemixing 164 

Equipment  for 155,  259 

General  Working  Eules. . .   176 

Hand  vs.  Machine 152 

Measiiring    Ingredients. . . 

85,  93,  141,  162 

Quantities  for  Batches . . .   144 
Quantities  for  Certain  Vol- 
umes of  Concrete 147 
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Mixtures,  Concrete,  Choice  of  133 

Kinds    of 134 

Measuring  Ingredients .... 

85,93,  141,  162 

Proportioning  of ......  85,  144 

Variations  Allowable  in. . .   139 
For    Various     Classes    of 

Work 137,  140 

Mixture,  Ideal,  for  Concrete     35 
* '  Mogul    Invincible ' '    Block 

Machine 309 

Moist  Closet 117 

Monarch  Block  Machine ....   309 

Mortar,    Cement 330 

Bonding  of 169,  327 

Density   of 73,    100,    130 

Setting    of 112 

Strength  of.  .73,  100,  118,  130 

Water  for 112 

Multiplex  Block  Machine...   308 
Multiplex   Mixer 284 

N 

Natural    Cement <i2 

Specifications   for 123 

See  also  Cement. 
' '  New  York ' '  Block  Machine  309 

Normal  Consistency 109 

Normal  Tests  of  Cement. . . .  120 


Oliver  Block  Machine 303 

Olsen    Batch    Mixer 285 

Ornament,  Concrete  in 293 

P 

Paint,  Amount  Required ....  331 

Paints,    Protective 240 

See  also  Waterproofing. 

Partitions,  Fireproof 322 

"Peerless"  Brick  Machine.  311 

"Perfect"  Brick  Machine..  311 

"Perfection"  Mixer 281 

"Petrifax"   235 

' '  Pioneer '  *       Waterproofing 

Asphalt  218 

Pipe  Machines 311 

Placing  of  Concrete.  See  De- 
positing. 
Plant  for  Concrete  Work  155,  246 

Plaster-Board 325 
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Polygon    Mixer 268 

Portland  Cement 

Cement  Industry 12,  318 

Composition  of 49,  57 

Definition  of 49,  50,  57 

Discovery    of 13 

How    Shipped 58 

Manufacture  of 51,  52 

Production  of 16,  318 

R  e  1  a  t  i  on  to  Reinforced 

Concrete    19 

Requirements  of 60 

Specifications   for 124 

What  Portland  Cement  Is 

49,  50,  57 

Power  and  Heat  Equivalents  341 

Post  Machine 309 

Pozzuolana.      See    Puzzolan 
Cement. 

Pressure  of  Water 200,  329 

Proportions  for  Concrete. 85,  144 
See  also  Concrete,  Mixing, 
and  Mixtures. 

Protection  of  Concrete 168 

Pulp  Concrete 325 

Puzzolan  Cement 12,  47,  48 

Q 

Quantities    Required.      See 

Measuring,  Mixing. 
Quicklime    39 

B 

Ramming    166 

Reinforced  Concrete,  Design 

of  185 

Development    of 20 

Mixtures    for.      See    Mix- 
tures, and  Mixing. 
Relation  to  Cement  Indus- 
try         19 

Remixing,  Effect  of 164 

Reservoir  Waterproofing....  219 

Richness  of  Mixture 134 

Roman   Cement 44 

Romans,  Concrete  Used  by. .       6 

Roof  Insulation 323 

Roofs,    Cement    Shingle....  315 

Rosendale  Cement 44 

Rotary    Kiln 53 

Rubber,  Mineral 233 

"Ruberoid  Damp-Course"..   236 
Rubble  Stone 79 
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Rules,  General  Working....   176 
Rutherford  Block  Machine . .  304 
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"Saltsproofing"  236 

Sand,  Cleaning 63,  285 

How  Much  to  Use 96 

Selection  of 67 

Sharpness  of 68 

Standard 76 

Testing  of 73 

Voids  in 91,  99 

Weight    of 69 

Sandstone   77 

Sanf ord  Block   Machine 303 

* '  Sarco ' '  Waterproofing  ...  237 
"Sartac"  Waterproofing...  237 
Satterlee  Cement  Shingles.  .   315 

Schenk    Tile    Machine 313 

Screens    255 

Sea  Water,  Effects  of 45,  84 

Separators    255 

Setting  of  Cement.  .123,  125,  128 

Setting  of  Concrete 60 

Regulation  of -163 

Setting  of  Mortar 112 

Sewer  Pipe,  Concrete 311 

Sewer  Pipe   Machines 311 

Shale    52,   77 

Sharpness  of  Sand 68 

Shearing   Strength    of    Con- 
crete       189 

Shingle  Machines 315 

Shingles,  Cement 315 

Laying 330 

Sieves  for  Testing  Cement . .   108 

Silicate    Cotton 321 

Singer   Block    Machine 306 

Simplex  Mixer 281 

"Sioux  City"  Tile  Machine  315 

Sizes   of  Aggregates 79 

Slag 52,  77 

Slag  Cement 48 

Slaking  of  Lime 39 

Slate 52,  77 

Smith  Concreting  Plant 289 

Smith  INIixer 261 

Snell    Mixer 268 

Soap  and  Alum  Wash..  184,  196 
Soil,  Bearing  Power  of .  . .  .   334 

Somers  Block  Machine 307 

Soundness.      See    Constancy 
of  Volume. 
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Sound-Proofing    318 

Spading 167 

Specifications   for   Cement.,  122 
For  Waterproofing  Bridge 

Floors    221 

For  Waterproofing  Reser- 
voirs       219 

For    Waterproofing     Sub- 
ways       220 

Specific    Gravity   of    Aggre- 
gates         92 

Of  Cement 105 

Of  Common  Minerals  and 

Eocks   333,  334 

"Standard"  Continuous 

Mixer 280 

"Standard"   Mixer 269 

' '  Star ' '  Block  Machine 309 

Steam,  Properties  of 337 

"Stocker"    Washer 285 

Stone,    Cleaning 285 

Crushed     77 

How  Much  to  Use 96 

Bubble    79 

Selection  of 76 

Specific     Gravity     and 

Weight 332,  333 

Stones,    Value   of,   for   Con- 
crete       77 

Stonework,    Estimating 330 

Storage  of  Cement 59 

Street  Paving  Mixers 270 

Strength  of  Concrete 

2,  3,  65,  73,  76,  95,  186 

Strength  of  Mortar 

73,  100,  118,  130 

Subways,  Waterproofing  of . .  220 
' '  S.-W. '  '-Weatherproof  Coat- 
ing      240 

Sylvester  Process 184,  196 

"Systematic"    Mixer 285 
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Areas  of  Circles 329 

Asphalts,  Action  of  Water 

on   229 

Bearing  Power  of  Soils . .  335 
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299,   300 

Concrete  Block  Data.  299,  300 
Heat   and   Power  Equiva- 
lent   341 
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Loads,  Safe,  for  Concrete  188 
Measures,      English      and 

Metric     342 

Minerals,  Specific  Gravity 

of    333,  334 

Mixtures       for       Various 

Classes  of  Work 140 

Portland    Cement    Produc- 
tion     16,  22 

Power   and   Heat   Equiva- 
lents      341 

Pressure  of  Water  under 

Various  Heads    200 

Proportions    according    to 

Voids     96 

Proportions  for  Maximum 

Density  of  Mixture 102 

Quantities  for  Batches. . . 

145,   146 

Quantities   of   Ingredients 

in    Unit- Volumes 

147,  148,  149,  151 

Sand  and  Mortar  Strength     73 
Soils,  Bearing  Power  of. .  334 
Specific   Gravities   of   Ma- 
terials     333,  334 

Stones,  Specific  Gravity  of 

333,   334 

Voids  in  Aggregates 

89,   91,  93 

Water  for  Mortar 112 

Water  Pressure  under  Va- 
rious   Heads 200 

Weights  of  Materials....  331 

Tampers    249 

Tamping     166 

Tanks,  Measuring,  for  Water  266 
Temperature,    Units     and 

Measurement    339 

Tensile  Strength  of  Cement 

Mortar 118 

Of  Concrete 188 

"Te-Pe-Co"  Waterproofing.   238 
Thermometers    340 

Of  Cement*. 103 

Of  Sand 73 

Volumetric  or  Yield 65,  74 

Tile,   Concrete 311 

Tile  Machines 311 

Timber,  Weight  of 332 

Tools  for  Concrete  Work . . . 

155,  157,  246 

Toxement   214 
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Trap  Eock 77 

"Trus-Con"  Chemical  Prod- 
ucts       238 

Waterproofing  Filler 214 

U 

"U.     S.     standard"    Block 

Machine    309 

V 

Veneer  Walls,  Block 295 

Vicat    Needle 109 

Voids,  Determination  of . . . .  88 
In  Coarse  Aggregates. ...  88 
In    Pebbles    and    Crushed 

Stone   91 

In  Sand  and  Screenings  91,  99 

Measuring  according  to..   150 

Volumetric  Tests 65,  74 

W 

Wallace    Concreting    Equip- 
ment      287 

Walls,    Concrete   Block 294 

Walls,    Foundation,    Water- 
proofing    209,  232 

Washers  for  Concrete  Mate- 
rials      285 

Water,  Action  of,  on  Asphalt  223 
Depositing  under 181 
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Pressure   of 200,   329 

Properties  of 335 

Water  for  Concrete 83 

For    Mortar 112 

Effects  of  Sea  Water. .  .45,  84 
Waterproofing   of    Concrete.   190 

Integral    Methods 194,    201 

Pressure  of  Water 200,  329 

A  Problem  of  Design ....  241 
Surface    Treatments.  .194,  216 

Sylvester  Process 184,  196 

Weatherproofing.  See  Water- 
proofing. 

Weight    of    Concrete 189 

Weight  of  Materials 

66,  69,  189,  327,  331 

''Western"  Brick  Machine.   311 

Wetness  of  Mixture 134 

Whitehall  Waterproofing 

Compound 216 

Wool,  Mineral.     See  Mineral 

Wool. 
"World  Beater"  Block  and 
Brick  Machine 307 
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Eclipse    Concrete    Mixer — 

Paddle  Type   96 

Eclipse    Concrete    Mixer — 

Rotary  Type 128 

Electric  Hoist 80 

Elevators,  Concreting 288 

Engines  and  Hoists 

.80,  160,  192,  272,  286,  288 
Eureka  Concrete  Mixer, . .  272 


Carlen's   Economy   Cement 

Brick    Machine     288 

Cars,  Concreting  ....  192,  2^0 
Carts,  Hand,  for  Concrete 

Work    176 

Century   Curb  and  Gutter 

Outfit    32 

Chicago     Improved      Cube 

Concrete  Mixer 272 

Clover-Leaf  Concrete  Mixer  144 
Coltrin  Concrete  Mixer ...  33 
Crescent  Cement  Drain-Tile 

Machine    320 

Crescent  Concrete  Mixer . .  96 
Crushers  arid  Grinders .... 

224,  240,  251,  252,  253 

Curb  and  Gutter  Outfits. 32,  48 
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D.    &    A.    Concrete    Post 

Mould  Outfit 336 

Dating  Stamps   48 

De  A  r  m  o  n-M  c  K  i  n  n  e  y 
Double  Pressure  Con- 
crete Block  Machine. .   320 

Diamond    Cement    Roofing 

Machine    272 

Diamond  Concrete  Block 
Machine  and  Wall  Con- 
struction       208 

Dividing  Plates  for  Side- 
walk Construction ....     64 

Drain-Tile  Machines 

272,  304,  320,  336 

Dump  Cars,  Concreting. . . 

192,  290 

Dunn  Combination  Con- 
crete Block  Machine . .  224 
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Eclipse  Adjustable  Concrete 

Block  Machine   288 


Favorite      Cement      Brick 

Machine    288 

Fence-Post  Machines,  Con- 
crete     304,  320,  336 

Ferguson  Cement  Drain- 
Tile  Machine 336 

Ferguson  Combination  Con- 
crete Mixer 128 

Francisco  Adjustable  Con- 
crete Block  Machine . .   208 


Gauntt  Concrete  Mixer. . .   128 

General    Purpose    Concrete 

Mixer    288 

Grinders  and  Crushers .... 

224,  240,  251,  252,  253 

Grumman  Reinforced  Con- 
crete Roofing  Slate  and 
Floor-Tile  Machine . . .  272 

Gutter  and  Curb  Outfits. 32,  48 
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Hains  Automatic  Concrete 

Mixer 80 

Hand  Carts,  Concreting, . .   176 

Hand-Mixing      Equipment, 

Concrete  160 

Hand-Tools,   Concreting . . . 

16,  64,  160,  247 

Hartwick  Concrete  Mixer . .   160 

Hayden  Automatic  Con- 
crete Block  Machine . .   208 

Hercules     Concrete     Block 

Machine,  Double 240 

Hoists  and  Engines 

80,  160,  192,  272,  286,  288 

Hough  Steam  Engine  and 

Hoist 272 
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Inman  New  Improved  Con- 
crete Block  Machine. .   256 


Johnson    Automatic    Con- 
crete Block  Mould 272 
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Miracle  Continuous  Mixer.   272 

Mixers,  Concrete    

32,   80,  96,   112,  128 

144,  160,  240,  256,  272,  288 

"Modem"    Concrete    Block 

Machine    256 

Monarch     Face-Down     Ce- 
ment Brick  Machine . .   304 


Keller  Cement  Brick  Ma- 
chine     272 

Keller  Concrete  Block  Ma- 
chine     272 

Kent     Precision     Concrete 

Mixer 272 

Kerlin  Automatic  Concrete 

Fence -Post  Machine. . .   320 

King  Cement  Brick  Ma- 
chine    288 

Koehring  Batch  Mixer ....   273 

Koehring  Concrete  Mixer . .   256 

Koehring  Concreting  Equip- 
ment— B ucket  and 
Hoist 288 


National  Concrete  Mixer..  128 
National     Concrete     Stone 

Block  Machine    240 

Newaygo  Separator    240 

New     Departure     Concrete 

Block  Machine   288 


Oliver  Automatic  Face- 
Down  Concrete  Block 
Machine    304 

Olsen  Batch  Concrete  Mixer  160 


Koehring  Engine  and  Hoist 

Drum    272 

Kramer  Automatic  Tamper  64 

Lettering  Stamps 48 

Little  Giant  Concrete  Mixer  160 

Long-Handled  Tools 64 

Luck    Cement    Fence-Post 

Moulds 304,  320 
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Marsh-Dexter  Concrete 

Mixer    272 

Maxecon  Grinder   224 

McCracken     Cement     Tile 

Machine    304 

Mcintosh  Automatic  Sand- 
Cement  Brick  Machine  304 

McKelvey  Concrete  Mixer.  256 

Measuring  Tank,  Auto- 
matic, for  Water  ....   256 

Miles  Concrete  Block  Ma- 
chine        288 

Miracle  Cement  Drain-Tile 
Machine   320 


Paving  Mixer  272 

Peerless  Cement  Brick  Ma- 
chine        320 

Perfectecon  Separator  ....     64 

"Perfect"     Cement     Brick 

Machine    288 

Perfection    Hand    Concrete 

Mixer    112 

Pettyjohn  Upright  Model 
Concrete  Block  Ma- 
chine        224 

Polygon  Concrete  Mixer ...   256 


Queen  City  Cement  Brick 

Machine    320 


Reinforced    Cement    Block 

Machine,  and  Block..  272 
Reliance  Hoisting  Engine.  80 
Rutherford  Concrete  Block 

Machine   304 
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Sanford    Face-Down    Con- 
crete    Hollow     Block 
Pressure  Machine    .  . .   304 
Schenk    Cement    Drain- 
Tile  Machine 273 

Screens,  Revolving    256 

Separators    64,  240 

Shingle  Machines,  Concrete  272 
Sidewalk   Ties   and  Divid- 
ing Plates    64 

Simplex  Concrete  Mixer. .  96 
Simpson  Concrete  Mixer. .  144 
Singer  Face-Down  Concrete 

Block  Machine    304 

Smalley  &  Trulin  New  Im- 
proved tJBncrete  Block 

Machine    256 

Smith  Concrete  Mixer  and 

Drum    240 

Smith    Concreting    Equip- 
ment—Mixer,   Bucket, 

and  Hoist    288 

Snell  Concrete  Mixer .   256 

Somers   Pressure    Concrete 

Block  Machine   272 

Stamps,  Lettering  and  Dat- 
ing         48 

Standard  Batch  Mixer ....   256 

Street-Paving  Mixer 272 

Sturtevant     Roll- Jaw 

Crusher    240 

S  v  e  n  s  o  n    Automatically 
Proportioning  Concrete 

Mixer    112 

Systematic  Concrete  Mixer  144 

T 

Tamper,     Kramer     Auto- 
matic         64 
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Tandem  Invincible  Con- 
crete Block  Machine . .   224 

Tank,  Measuring,  for  Water  256 

Ties   and  Dividing  Plates, 

Sidewalk    64 

Tile  Machines,   Concrete . . 

272,  304,  320,  336 

Tools,  Hand,  for  Concrete 

Work   16,  64,  160,  247 

Troy  Dump  Wagon 192 

"24"  Cement  Brick  Ma- 
chine       336 


U.    S.    Standard    Concrete 

Mixer    160 

U.    S.    Standard    Concrete 

Block  Machine   288 

W 

Wagons,  Concreting   192 

Wallace  Concreting  Equip- 
ment— Mixer,  Bucket, 
and  Hoist    288 

Water-Measuring    Tank, 

Automatic   256 

Western  Cement  Brick  Ma- 
chine     288 

Wheelbarrows,  Concreting.   176 

Y 

Y-Angle  Reinforcement  for 
Concrete  Fence-Posts.   320 


Zeiser   Ties    and   Dividing 

Plates  for  Sidewalks.     64 
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